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INTRODUCTION

Background

. These tests were sponsored by the CREST ADPO to test and evaluate the

productlon Advanced Dynamic Anthropomorphic Manikins (ADAMs) prior to their
use in high cost ejectlon tests of CREST technologies at Holloman Air Force
Base.

Two versions of ADAM were tested. Large ADAM approximates 97th percentile
military flying personnel in height and weight. Small ADAM is
approximately 3rd percentile. The ADAMs are designed to closely
approximate the dynamic characteristics of the human body and are heavily
instrumented to provide force, displacement, and acceleration data at key
positions within the manikin.

To make the ADAM tests as realistic as p0551ble, test fixtures were used
which closely model the actual CREST seat. This was accomplished by the

-use of the correct seat back angl2: (-Gx tests), accurate representations of

the seat back and seat pan, the ‘ctual CREST cushions, and the proposed
harnesses. 5

The ADAMs were tested with two configurations of the CREST feétraint
harness. These are known as the X-Band 90° Hybrid (Figure 1) and the

. X-Band 45° Hybrid (Figure 2). The upper section is identical for both
" harnesses. The main difference between the 90° harness and the 45° harness

is in the location of the attachments between the lower section of the
harness and the seat. The 45° harness attaches to the seat with a pair of
vertical straps and a second pair of attachments oriented at an angle of
45° with respect to the seat back tangent line. The 90° harness attaches
to the seat with a pair of vertical straps and a second pair of attachments
oriented at an angle of 82° with respect to the 'seat back tangent lxne.

Objectives
The test program had four objectives:

(1) 1o demonstrate the structural integrity of the ADAMs and their
1nstrumentatzon systems.

(2) To demonstrate the functional capability of the ADAM 1nstrumentation :
system when undergoing -impact. <

(3) To measure the dynamic response of the ADAMs by measutement of
restraint load-time histories and body motion.

' (4) To demonstrate the stability of the productzon ADAM electronics with

respect to the pce—test Sensor sensztxvztxes.
Evaluation Criteria

The ADAMs were considered to have successfully met the test objectives if
the following conditions were met:
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(1) The ADAMs showed no permanent deformation or failure of mechanical
structuras. '

(2) There were no failures cf any instrumentation associated with the nine
channels designated critical.

(3) Critical channel data were present and contlnuous throughout each
test. :

(4) Critical channel data recorded from ADAM parallel sensor taps, RAM,
and telemetry port agree within 5% in terms of amplitude and phase.

(5) ADAM dynamic response closely models human dynamic response.
The nine critical channels for x-axis tests were: '

‘Internal Temperature

Head Z Acceleration

. Head X Acceleration

Chest X Acceleration

Head/Neck X Fotce

Head/Neck Z Force

Lumbar X Force . s

Lumbar X Acceleration ‘
Neck Y-Axis Moment

OO R UL W

g

rine critical channels for y-axis tests were:

1. Internal Temperature
2. Head Z Acceleration
3. Head Y Acceleration
4. Chest Y Acceleration
5. Head/Neck Y Force

6. Head/Neck Z Force

7. Lumbar Y Force ,

8. Lumbar 7 Acceleration
9. Neck X-axis Moment

~ Figure 3’ shows the seat coordinéte system,







METHODS

Facilities and Associated Procedures

The impact tests were performed using the Armstrong Laboratory (AL) Impulse
Accelerator (Shaffer, 1976). The facility consists of a gas-operated
actuator, a test slea, and track rails as shown in Figqure 4.

Mounted to the sled was a generic seat, modified to represent the CREST
ejection seat in an F-16 configuration. For the -Gx tests, the seat was
'‘placed on a 17° wedge to attain the correct 30° seat back angle (Figure 5).
This wedge was not used for the +Gy tests tc avoid large overturning
moments. The seat back angle for the +Gy tests was 13° (Figure 6). The
sled was ballasted to maintain a constant subject plus ballast weight of
220 1bs.

'‘An outline of the test procedures follows: After Systems Research
Laboratories Inc. (SRL) personnel had prepared the ADAM, it was brought to
the test track. The ADAM was dressed in modified long underwear, boots,
and for the +Gy tests, a flight helmet as wvell. The ADAM was placed in the
seat and instrumentation "zeroes" were recc-ded. The ADAM was then strapped
in and harness tensions were adjusted to try to achieve 20 +5 lbs first in
the horizontal anchors and then in the shoulder straps. This could not

- always be achieved, particularly with the small ADAM. No shoulder tension
at all could be obta1ned for the small ADAM, so prior to -Gx testing an
additional cushion was placed behind the small ADAM’sS back which allowed a
small shoulder preload to be obtained (Figqure 7).

Once preloads had been set, SRL personnel performed a pre-test check.
Still photographs were taken of the test setup. The actual impact test was
. then cartled out.

Primary measurements taken during the impact tests con51sted of impact sled
acceleration |and. velocity, loads measured at the attachment points of the
restraint system, displacements of targets mounted on the ADAM, chest
accelerations measured by an externally mounted accelerometer, and data
from the nine critical channels listed earlier.

After each test photographs were again taken of the manikin. The ADAM was
left undisturbed in the seat until it had downloaded all of its data.

- Table 1 shows the sequence of tests performed for this program. Each ADAM

was tested up to 14 G in the +y direction with both the X-Band 45° and -
X-Band 90° harnesses. The small ADAM was tested up to 45 G in the -x
direction with both harnesses. The large ADAM was tested up to 45 G in the
-x direction with the X-Band 90° harness but only to 30 G with the X-Band
45° harness. Test1ng was stopped at 30 G because it appeared likely that
the 3400 lb design load for the 45° anchor strap would be gteafly exceeded
at higher G-1 vels

Back~-to-back ests at 20 G in the ~x direction were run with each ADAM'
using the X-Band 45° harness. The same was done with the X-Band 90°
harness at 30/G. The purpose of these tests was to check the repeatability
of the ADAM data. o ,
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SLED SETUP FOR -Gx TESTING

FIGURE 5:
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FIGURE 6:




FIGURE 7: SMALL ADAM WITH EXTRA BACK CUSHION
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The -10 Gx tests were intended to provide data for comparison with earlier

human tests run at 10 G.

ADAMs to simulate human response.

This would allow evaluation of the ability of the

Tests 3508, 3509, 3510, 3522, and 3528 were camera proof tests

* Repeat of No-Test

r Repeatability Test

. Failures 9/40

n

TABLE 1. TEST SEQUENCE

TEST CELL ACCEL HARNESS ADAM POST CAL NOTES

3484 A +8Gy X-45 S YES ADAM Failure
3485 A +8Gy X-45 L YES OK

3486 B +11Gy X-45 L NO OK

3487 C +14Gy X-45 L YES OK

3488 D +6Gy X-90 - L NO No-Test
+ 3489 E +11Gy X-90 L No OK

3490 F +14Gy X-90 L YES OK

3491 D +8Gy X-90 S NO OK

3492 E  +l1Gy X-90 S NO OK

3493 F +14Gy X-90 [ YES OK

3494 B +11Gy X-45 S NO ADAM Failure
3495 B +11Gy X-45 S - NO OK '
3496 of +14Gy - X-45 [ YES OK

3497+ D +8Gy X-90 L YES OK

3498 G ~10Gx X-90 L - NO OK

3499 H -20Gx X-90 L YES ADAM Failure
3500 "G -10Gx X-90 ] NO No-Test
3501+ G -10Gx ' X=-90 [} "NO OK

3502 L - -10Gx X-45 ] YES No-Test

3503 L -10Gx X-45 | A YES OK

3504r M -20Gx X-45 L NO OK

3505r ' M -20Gx X-45 L YES ADAM Failure
3506r M -20Gx X-45 . [ NO OK

3507r M -20Gx X-45 S YES COK

3511 N' ~-30Gx X-45 S YES - OK

3512 N -30Gx X-45 L YES OK

3513 0 -40Gx X-45 S YES OK

. 3514 P ~-45Gx X-45 s - NO No-Test
3515 . H -20Gx X-90 S YES OK .

3516 B -20Gx X-90 S NO No-Test
3517r 1 -30Gx X-90 L YES OK

3518r I ~30Gx X-90 L YES ADAM Failure

. 3519r I -30Gx X-90 S YES OK ‘

"+ 3520r 1 -30Gx . X-90 S YES o) &

3521 J -40Gx . X-90 L YES No-Test/ADAM Failure
3523 J -40Gx X-90 S YES No~-Test/ADAM Failure
3524* J -40Gx X-90 s . YES oK :
3525+ J -40Gx X-90 L YES ADAM Failure
3526 K -45Gx x-S0 S NO ADAM Failure
3527 K -45Gx X-90 L . NO OK .




ADAM and Associated Equipment and Procedures

Each of the ADAMs contained the following sensors: tri-axial linear
accelerometers mounted in the head and chest, six- component load cells
mounted in the head/neck and pelvis, position sensors mounted in the torso
and limbs, and an externally mounted tri-axial chest accelerometer. A
temperature sensor was mounted on the hottest board inside ADAM, the
Analog-to-Digital Conversion board (ADC). Signal amplification, filtering,
digitization, and temporary storage of data were provided by the internal
ADAM electronic instrumentation system. Power for the ADAM internal
electronics and sensor excitation was provided by the ADAM Field Power
Supply (FPS). .

ADAM pre and post electrical checks were performed for each test by
injecting voltages into the input of each channel’s amplification system.
The output voltage of the channel was displayed in hex units on a hand-held
display terminal and referred to as the RCal value along with the resting
output condition which was referred to as the NonRCal value. Significant
variations in either the expected RCal or NonRCal values were indicative of
defective channels.  In addition, a program was run which automatically
printed out the RCal and NonRCal values just before and after impact, along
with the differences in hex of the pre-impact RCal-NonRCal values and the
post-impact RCal-NonRCal values. Differences between these two sets of
values indicated drift in channel sensitvity. Channels were to be
recalibrated if this difference exceeded 6 bits or 0.04 volts.

Electronic Data Acquisition (ADACS, RAM and DECOM)

ADAM response data were collected over a period of four seconds by the ADAM
data acquisition system and stored in the ADAM on-board memory (RAM). The
ADAM data were also transmitted over its own line in a 250 foot whip cable
via a decommutator (DECOM) and stored in the ADAM DRASS (Data Retrieval and
Storage System). Following an ADAM test the data were downloaded from the
DRASS to a 2-100 computer for temporary storage and then transferred to the
VAX. The on-board RAM data were also downlvaded into the DRASS, downloaded
to the Z-100, and then transferred to the VAX. VAX software routines
converted the data from binary format into engineering units and provxded
"quick look" plots of both RAM and DECOM channels.

Data were also collected via a non-ADAM system, the Automatic Data
Acquisition and Control System (ADACS). Lines tapped at the ADAM
transducers provided input to the ADACS. Signal filtering, amplification,
and digitization took place on-board the sled. The ADACS data were
transmitted to the computer room via the 250 foot whip cable and o
. transferred to the VAX for comparison with the ADAM RAM and DECOM data. A -
list of the ADAM channel sensitivities was entered into the plotting
routines in order to compensate for'the different gains of the ADACS and.
the ADAM systems..-

Photogrammetric System -

Two 16mm motion picture cameras, operated at 500 frames/sec, were mounted
on the sled to record the movement of the test manikin and to document any
failures which might nccur. For the +Gy tests, one camera provided a
‘frontal view of the seated manikin and the other camera provide? a front
oblique view. ' For the -Gx tests, one camera provided a front oblique view

S 12,



of the manikin and the other camera provided a side view. Each camera was
synchronized with the electronic data by a pulse code and an electronic
flash.

A video camera was also used to document the tests. This camera and the
recorder used with it are capable of recording motion at a rate of 120
frames/sec with an effective shutter speed of 10 microseconds or less. Use
of this system allowed the investigators to evaluate the response to impact
immediately after each test. This system is described in Appendix A.

Data Processing

Data from each test were reduced in a standardized format. Reduced
electronic data are available for review within Appendix B. Computer
summaries provide relevant maxima and minima from the recorded ADACS
signals. Relevant sums and times were also computed. The sums of the
measured force are the maximum values of contxnuously summed measurements.
Scaled plots of selected signals from ADACS, RAM, and DECOM were produced.

| \\,_\\ l . 13
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RESULTS

Test-by-Test Narrative (+Gy)

1. TEST 3484 Cell: A Subject: ADAM-S Result: ADAM Failure

ELECTRICAL:

STRUCTURAL:

Noise was present in the Neck-Z Force channel prior to the
test. Data initially could not be transferred from the

ADAM to the DRASS due to a failure of the memory board

in ADAM. ADAM did not receive the start signal, resulting
in the loss of RAM data. The problem was attributed to a

" nicked wire which was shorting to the shielding. A large

positive spike was present in the Z-Lumbar Force data
(DECOM only) and a large negative spike was present in the
Z-Lumbar Acceleration data. Excessive noise was present in
the data on several channels (DECOM only). To prevent this
problem from reccurring in future tests, .01 uf capacitive
filters were temporarily installed in the noisy small ADAM
channel lines. The ADAM internal temperature data read

12° C lower than the ADACS temperature.

Delamination of some zippers in the torso, arms, and legs
was noticed before the test and delamination of a zipper in
the pelvic area was observed after the test. A wire bundle
in the right upper arm rotated. It was re-secured with
tie-wraps after the test. Tears in the square corners of
the skin in the armpit area and a puncture in the left
upper wrist skin were noticed after the test. Two tears in
the battery cover area of the skin in the back of ADAM were
also noticed after the test.

A change in the test plan called for the wrists to be
placed left over right instead of tied together.  The
harness pre-tensions at the shoulders were lower than the
20 + 5 lbs specified in the test plan, but were the maximum
vaiies which could be obtained. -

2. TEST 3485 Cell: A Subject: ADAM-L Result: ADAM Success

ELECTRICAL:

STRUCTURAL:

The Left Lower Leg Torque Positive data was defective due
to a broken wire in the left knee load cell, and the Left
Lower Leg Torque Negative data showed excessive noise.
Large negative spikes were present in the data on four
DECOM: channels and one RAM channel. The ADAM internal
temperature read 29.5° C lower than the than the ADACS
temperature in thie test and averaged about 28° lower in

-the remaining +Gy tests. This difference was decreased to

about 8° in the +Gx tests by measuring the temperature
voltage offset between the ADAM and the ADACS systems, and
changing the offset value in the processing progtam.

The skin and zipper in the area of. the right armpit showed:
slight damage prior to the test. This was due to rubbing

of the clevis against this area. Also, a zipper at the top
of the torso was bent by the harness strap during the test.
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The damaged soft-stop in the left upper arm medial/lateral
joint was replaced prior to the test and the soft-stop in
the shoulder (abduction/adduction in the coronal plane)
joint was reqlued after the test. A tie-wrap in the right
upper arm was repaired after the test.

3. . TEST 348¢€ Cell: B Subject: ADAM-L Result- ADAM Success

ELECTRICAL Large negative spikes were present in the Y-Lumbar Force
data (DECOM only).

STRUCTURAL: The zipper pull at the top of the torso was again bent by
the harness during the test. The upper arm medial/lateral
soft-stop was damaged after the test and was reglued.
Extra tie-wrap was added to the upper arm wire bundle after
the test. The right shoulder cover came off during this
test and also during large ADAM tests 3487, 3489, and 3490.

4., TEST 3487  Cell: C  Subject: ADAM-L  Result: ADAM Success

ELSCTRICAL: Excessive noise was present in the Z-Chest Acceleration
data. Large negative spikes were present in the data on
one RAM channel and 6 DECOM channels.

STRUCTURAL: A slight abrasion in the neck assembly was observed after
the test. This appeared to be caused by harness pressure
on the zipper. A cut in the right shoulder skin was
noticed after the test and was repaired. Also, a small
puncture and tears in the right upper arm skin were
observed. Soft-stops in the wrist and elbow were reglued
after the test. '

5. TEST 3488 Cell:' D Subject: ADAM-L -~ Result: No-Test

ELECTRICAL: The pre-test electrical check indicated a defective Z-Head
Acceleration channel, cauced by a broken wire which had
been pinched during reassembly. The wire was replaced and
insulated before testing Large negative spikes were
present in the data on three channels (DECOM. only). The
?gACS tumbar Y Force data showed an offset of about -64

. 1bs. '

STRUCTURAL: The right side center edge of the zipper towards the top of
. the torso was taped prior to the test and was torn slightly
from the skin during the test. Damage to the wire-wraps
around the right and left forearm stops was discovered
after the test. .

PROCEDURAL: Some difficulty occurired in attempting to obtain the proper
harness pre-tensions due to the straps having a tendency to
. slip into the openings between the thigh and hip. During
processing of the data after the +Gy testing had been
completed, it was noticed that the ADACS file had been
accidently deleted by DynCorp, making this a "No-Test”
This. test was later rerun as Test 3497.
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6. TEST 3489 Cell: E Subject: ADAM-L Result: ADAM Success

ELECTRICAL: Excessive noise was present in the X, Y, and zZ-Chest
Acceleration data. Large negative spikes were present in
the Y-Neck Moment data (RAM only).

STRUCTURAL: The zipper assembly in the right shoulder was torn during
the test and had to be replaced. A small puncture in the
left upper arm skin which was incurred in previous tests
was repaired prior to the test. Damage was noticed after
the test on the inside of the skin due to contact with the
neck block. . Three shoulder soft-stops became slightly
unglued and were repaired after the test. Slight binding
in the upper arm medial/lateral w1r1ng was noticed after
the test.

7. TEST 3490 Cell: F Subject: ADAM-L Result: ADAM Success

ELECTRICAL: A broken wire from the left hip to the telemetry port in
the head was noticed atfier the test. However, the data in
the left hip channels appeared to have been unaffected.
Large negative spikes were present in the data on one RAM
channel and 7 DECOM channels.

STRUCTURAL: A puncture in the inside skin on the right side of the
torso was noticed after the test, caused by contact with
the neck block.

8. TEST 3491 Cell: D Subject: ADAM-S Result: ADAM Success

ELECTRICAL: The Right Arm Coronal Abductor data was faulty due to

a cold solder jeoint in the associated pot wiper. Exces-
sive noise was present in the X-Lumbar Acceleration and

Left Lower Leg Torque Negative data. Large negative spikes
were present in the data on three channels :(DECOM only) The
ADACS internal tenmperature increased '15° C from the

previous small ADAM test, while the ADAM temperature
increased by only 1° C. ,

STRUCTURAL: Two tie-wraps in the left elbow were replaced after the
test when a loose fit was noticed.

* PROCEDURAL: The harness straps for both the h1ps and shoulders were

unable to be adjusted to the required pre-tensions due to
.the small size of ADAM.

"9, TEST 3492 Cell: E Subject ADAM-S Result. ADAM Success
ELECTRICAL: Excessive noise was present in the Left Lower Leg Torque
Negative data. A Large negative spike was present in the
data on one RAM and one DECOM channel. -
'10. TEST 3493  Cell: F . Subject: ADAM-S  Result: ADAM Success

ELECTXICAL: ' Excessive noise was pteséni in the the X-Lumbar
: - Acceleration, Right Sternoclavicular Elevation/Depression,
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and Left Lower Leg Torque Negative data. A dropout
occurred in the Right Hip Flexion data due o an
intermittent open. The post-test electrical check showed
four channels in need of recalibration.. This was tc be
accomplished prior to the next test. Line 3 of the A/D
multiplexor was damaged and later replaced. This may have
been causing the noise in Test 3484. :

11. TEST 3494 Cell: B Subject: ADAM-S Result: ADAM Failure .

ELECTRICAL: Both the RAM and DECOM data were lost due to a failure of

' the ADAM to DRASS data transfer. The problem was caused by
a defective power supply in the digital I,/0 board. The
defective board was replaced and the RAM data was
retrieved, but none of the channels showed any responce.
The malfunction could therefore have occurred either before
or during the tezst.

STRUCTURAL: Tie-downs and laced cables were replaced in the right
shoulder prior to the test. Also prior to the test it was
noticed that the Right shoulder elevation/depression lower
rear soft-stop had to be reglued. This came loose again
after the test due to improper gluing.

PROCEDURAL: Beginning with the next test, th. final pre-test elecirical
checks were to be taken after ADAM was strapped into the
seat and the harness pre-tension adjustments made. This
was done to avoid some of the uncertainty regarding when
any problem with the ADAM instrumentation might have
occurred. This test was rerun as Test 3495.

12. TEST 3495  Cell: B Subject: ADAM-S  Result: ADAM Success

ELECTRICAL: Excessive noise was present'in the Y-Lumbar Moment and
' the Right Hip Abduction/Adduction data.

STRUCTURAL: Prior to the test, the wire hold down screw securing the

left knee potentiometer had to be tightened, although the
potentiometer itself remained fixed. A small puncture was
observed after the test on the inside skin of the torso due
to contact with the corner of the neck block.

13. TEST 3496  Cell: C  Subject: ADAM-S  Result: ADAM Success

'ELECTRICAL: An ADAM serial communication link failure occurred during

the pre~-test electrical check, after ADAM wac -trapped
into the seat. The problem was a loose conn. .r at the
CPU board interconnect. This connection may not have been
properly tightened during previous ADAM maintenance. A
dropout occurred in the Right Lower Leg Torgue Positive
data. Excessive noise was present in the the Y-Lumbar
Moment data. Large negative spikes were present in the
data on two channels (DECOM only).. The ADACS: Lumbar Y
Force data was saturated. ~ g
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STRUCTURAL: Cuts on the inside skin of the lcwer right back were -
noticed after the test. These were caused by contact with -
the sharp corner of the viscera box. The zipper on the
left side of the torso continued to pull apart.

14. TEST 3497
Cell: D (+8Gy) SUBJECT: ADAM-L Harness: X-90 Result: ADAM Success

ELECTRICAL: The post-test electrical check showed defective Left and
Right Lower Leg Torque Negative channels, indicating a“
problem in the knee load celis. However, the data
appeared normal for those channels. The calibration value
of the X-Chest Acceleration channel changed by flve nex
units duriag the test.

PROCEDURAL: The harness pre—tensxons.at the hips were unable to be - -
adjusted up to their required levels due to slippage of the
straps into the openings between the thighs and hips.

Test-by—Test Narrative (-Gx)
1. Test 3498  Cell: G  Subject: ADAM-L Result. ADAM Success

ELECTRICAL: The pre~test electrical check showed a defective Left Lower
Leg Torque Negative channel (waived). A dropoff occurred
in the Right Lower Torque Negative data, and excessive
noise was present in both the Left and Right Lower Leg
Torque Positive data. Broken wires were repaired in ti«
left and right knee load cells after the test. 'Large
negative spikes were present in the data on three channels
(DECOM only). The ADAM internal temperature read 5° C
lower than the ADACS temperature. :

PROCEDURAL: Prior to the test, ADAM was loading down the start signal.
The problem was discovered to be in the hand-held video
terminal which had been left in the wrong mode after pre-
vious ADAM maintenance. Some position channels were in-
verted. It was discovered that the slope signs which are
used to procesc t..e data for the position sensors were all
made positive. This was corrected by changing them to the

. correct signs in the processing file. . The harness pre-
tensions at the hips were low. :

2. TEST 3499  Cell: H . Subject: ADAM-L . Result: ADAM Failure

ELECTRICAL: A dropout occurred in the Head-Z Acceleration data. This
was attributed to a wire which was strained during impact.
A dropout also occurred in the Left Elbow Flexion and the
Left Forearm Supination/Pronation data. A wire in the .
elbow was repaired after the test. The X-Chest cceleration
data showed an unexpectedl' large pulse. A loose wire was
repaired which was possibly causing the problem.

STRUCTURAL: The ADAM arm zippers needed to be taped ptior to the test
X to avoid separating.
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PROCEDURAL:

The ADACS temperature measured incorrectly at -258° C

due to SRL forgetting to disconnect the ground jumper
which was being used to obtain the temperature voltage
offset. Thigh inserts were installed but harness pre-
tensions at the hips were still low. Several other
channels were further out of calibration than expected due
to SRL revising some channel sensitivities.

3. TEST 3500 Cell: G  Subject: ADAM-S  Result: No-Test

SLECTRICAL:

STRUCTURAL:

The pre-test electrical check showed a malfunction in the
ADAM to DRASS data transfer. This was caused by a power
supply failure on the digital I,/0 board. 'rhe board was
replaced and a heat sink installed to prevent a recurrence.
A dropout occurred in the Left Lower Leg Torque Negative
data (waived for the next two tests). A large spike
appeared in the data on several channels at about 250 ms.
This was caused by ADAM’s head striking the aluminum block
above the back rest. The ADAM internal temperature read
18.4° C higher than the ADACS temperature.

The teeth in the zippers on the rlght and left sides of
the torso would not remain locked prior to the test.
The Sternoclavicular EleVatlon/Depre551on left lower front

soft-stop was repaired prior to the test.

A "No-Test" occurred due to no photogrammetric data. This
was caused by the switches at the carera station being set
incorcrectly. A seat cushion was placed in back of ADAM for
the remainder of the tests in order to help achieve the

desired harness pre-tensions. However, the hip pre-

tensions were still low.

4. TEST 3501  Cell: G shbject: ADAM-S  Result: ADAM Success

ELECTRICAL:

STRUCTURAL:

The calibration of two channels changed by more than 6 hex
units during the test. The large spike at 250 ms caused by

' ADAM striking his head was still present on several

channels. The ADAM internal temperature read 14° c higher
than the ADACS temperature.

Damage, possibly from previous tests, was observed in the
zipper assemblies after the.test in the right and left
ankle regions. Damage to the shoulder wire-wrap was also °
noticed after 'the test. The torque in the Left Forearm
Supination/Pronation joint was binding due to a
manufacturer’s burr. This was noticed after the test.

The right elbow potentiometer connector appeared to need
remounting‘after the test.

The harness pre—tensxons at the hxps and shoulders were

‘low.
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‘ 5. TEST 3502 Cell: L Subject: ADAM-S Result: No-Test

ELECTRICAL: Excessive noise was present in the the Right
Sternoclavicular Elevation/Depression data. A dropoff
occurred in the Right Lower Leg Torque Negative data.
The ADAM internal temperature read 10° C higher than the
ADACS temperature.

PROCEDURAL: A "No-Test" occurred due to no DECOM data. This was caused
by the DRASS being incorrectly set in the download posi-
tion. It was discovered by SRL that several of the posi-
tion channels had been assigned incorrect slope signs.
These were corrected in time for the next test. The
harness pre-tensions at the shoulders were iaw.

6; TEST 3503 Cell: L Subject: ADAM-L Result: ADAM Success

.ELECTRICAL: The Left Sternoclavicular Pronation/Retraction data was
breaking up during the test due to a faulty potentiometer
on the transducer board. A large negative spike was
present in the X-Lumbar Moment data (DECOM only), and large
positive spikes were present in the Lumbar Roll data (DECOM
only). A spike occurred in the ADACS data on three chan-
nels. The ADACS system was checked after the test and no
problem could be located.

STRUCTURAL: Prior to the test, it was discovered that the lockwasher
' and the indexed flat washer keys in the right shoulder

lockwasher assembly were sheared off. The damage was due
to the lash or "slop" in the lockwasher. The assembly was
repaired and a thrust (or friction) bushing was added to
prevent this problem from recurring. After the test, it
was noticed that there were small cuts in both the left and
right heel skins due to the foot rods puncturing the skin' |
from the inside. This was caused by the impact of the| feet
striking the .sled.

out. No problem could be found in the lighting system and
ADAM was rechecked and the test completed. The harne
pre-tensions at the hips were low.

PROCEDURAL: The test was initially aborted when the track lights w[nt
m

7. TEST 3504 Cell: M Subject: ADAM-L Results: ADAM Succes

ELECTRICAL: ' A possible faulty response occurred in the Left Elbow
: Flexion data. A broken wire was discovered and repaired.
A breakup was still occurring in the Left Sternoclavicular
Pronation/Retraction data. A dropoff occurred in the Left
Lower Leg Torque Positive data. This channel was waived
for the remainder of the large ADAM tests. ADACS offsets'
occurred on four channels. -

STRUCTURAL: . After the test, it was noticed that the left shoulder shrug

‘ . electrical conuector was frayed. It was replaced before
the next test. The sternoclavicular transducer board
assembly was rebuilt after the test.
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PROCEDURAL: The seat cushion was noticed to have slipped forward during
the test. ADAM was lifted up and the cushion pu:hed back
for the next test.

8. TEST 3505 Cell: M Subject- ADAM—L Result: ADAM Failure

ELECTRICAL: The X-Chest Acceleration data was faulty, caused by a
loose wire located near the sensor.

STRUCTURAL: Damage was noticed after the test to the inner skin in the
lower right corner of the back. A cut in the front left
skin of the pelvis was also noticed, probably caused by
the seat strap crushing the skin against the hip clevis.

PROCEDURAL: A short delay occurred przor to the test due to the
charge on the DRASS battery being low. During the test,
. the seat cushion slid forward and had to be_repos1t1oned

9. TEST 3506 Cell: M  Subject: ADAM-S Result: ADAM Success

ELECTRICAL: Three of the Lower Leg Torque channels showed defective
data (all three waived for next test). The X-Lumbar ’
Acceleration channel calibration changed by five hex units
during the test.

STRUCTURAL: Small cuts were noti:ed on the skin of the left and t1ght
heels after the test. ,

PROCEDURAL:‘ The harness pre-tensions at the shoulders we:~ low.
10. TEST 3507 Cell: M 'Subject: ADAM-S  Result: ADAI* Success

ELECTRICAL: Defective data was presené on all four Lower. * g Tbrqﬁe

channels. Three of these channels had bee~ - = “ed prior to
the test. Excessive noise was present ir ".- - Lumpar
, Acceleration data. The ADAM inter~-' .~ .- .y read 7.5°
C higher than the ADACS temper:t+ . ~.
STRUCTURAL: The wires to the ' “entiomete . Ll Lider
" ., (abduction/adduc: = @ ‘= ' A - -« wted prior
- to the ‘test to & e - » - " lockwesher
key in the Right - . ‘ o Loe - ¢iced after
the test. ‘ _ '
PROCEDURAL: The harness pre- - | L s e low.
11. TEST 3511  Cell: N S s ... 't: A Success’
ELECTRICAL Excessive noig - r vy ambar Moment data.
This channel - . * ' = . and no defect was
found. The R Soofoes e duttion data
appeared to b _ -, waused by a bad connec~
tion to the * "~ tion of the X-Lumbar
Acceleration _ © . hex units during the

test. Biroke ’ ¢ ...-iter sensor were



repaired to correct the problem. Broken wires on the
Y-Neck Force accelerometer sensor were discovered prior to
the test (waived). An unexpectedly large spike appeared in
the Right Sternoclavicular Elevation/Depression data. This
was checked after the test and no defect was found. The
Right Lower Leg Torque Positive channel was repaired prior
to the test. The Right and Left Lower Leg Torque Negative
channels were waived for this test. Broken wires on the
Right Knee Medial/Lateral position sensor were repaired. .
The ADAM internal temperature read 11° C higher than

the ADACS temperature.

SRL inadvertently failed to recalibrate the z-axis
accelerometers for their maximum range before this test.
This was then accomplished prior to the next small ADAM
test. The harness pre-tensions at the shoulders were low.

12. TEST 3512 Cell: N  Subject: ADAM-L  Result: ADAM Success

ELECTRICAL:

The Z-Chest Acceleration channel was found to be defective
during an internal ADAM check prior to the test and was
waived. A defective Crest Interface Board (CRIB) was
determined to be the cause and was replaced prior to the
next large ADAM test. The board replacement required the
submission of new sensitivities for four ADAM channels.
The shape of the response plot of the ADAM Z-Neck Force
data was somewhat different than the corresponding ADACS'
data. Large negative spikes were present in the data
(DECOM only) on two channels, and large positive spikes
were present on one channel (DECOM only). The calibration
of the Y-Lumbar Force and the Z-Lumbar Moment channels
changed by five and four hex units, respectively, during
the test. The magnitude of the ADACS internal temperature
read excessively high due to a large spike in the data.

After the test, it was noticed that the zipper on the left
side of the torso was separating at the top. The torque in
the left wrist flexion/extension )oint had to be tightened
due to arm lash in the test.

13, TEST 3513 Cell: O  Subject: ADhH—S Result: ADAM Success

ELECTRICAL:

Faulty test data was present on all Lower Leg Torque
channels. Two of the defective channels were discovered
prior to the test and were waived. The defective knee load
cells were repaired after the test. Excessive noise was
present in the Right Hip Abduction/Adduction data. The
calibration of the X-Lumbar Acceleration channel changed by
four hex units during the test. The ADAM internal
temperature read 9° C higher than the ADACS internal
temperature.

Skin damage was noted after the test in two places,

consisting of a small puncture hole near the left wrist and
damage on the left upper leg internal skin. This damage
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had occurred in previous tests. Skinned wires in the left
shoulder complex and the left upper arm were taped after
the test. The Left Shoulder Abduction/Adduction wire
sleeve was skinned at the.connector which mounted to the
chest box. This was caused by a loose tie-down which
resulted in scraping against the shoulder yoke as the arms
rotated upward. _

PROCEDURAL: The harness pre—-te'nsion's' ag:' the shoulders were low.
14. TEST 3514 Cell: P Subject: ADAM—S . Result: No-Test

ELECTRICAL: The wiring to the knee load cells was broken during the

; test causing the data in three of the Lower Leg Torque
channels to be defective. Apparently the wires had
insufficient slack for the range of leg motion. The X-Neck
Moment data was faulty due to a loose wire, Excessive
noise was present in the Right Sternoclavicular Elevation/
Depression and the Y-Lumbar Acceleration data. These were
waived for the next two tests. The ADAM internal ,
temperature read 7° C higher than the ADACS temperature.

STRUCTURAL: A zxpper failure was noticed in the right upper leg prior
. to the test. :

PROCEDURAL: A "No-Test" occurred due to a film break in the oblique
LOCAM camera. The polarity of th2 ADAM data in the X-Head
Acceleration channel was inverted from the previous small
ADAM tests despite the sensxtxvxty parameters being the
same for both tests.

15. TEST 3515 Cell: H  Subject: ADAM-S  Result: ADAM Success

ELECTRICAL: Excessive noise was present in the the Right Sternoclavi-
' cular Elevation/Depression {waived) and X~Lumbar Accel-
eration data., Also, some noise was present in the Left
Lower Leg Torque Negative data. The calibration of the
-Y-Lumbar Moment channel changed by six hex units during the

-test. The ADAM internal t.emperature read 9° C hlgher than
the ADACS temperatute. ‘ ,

STRUCTURAL: 'l‘he tie-wrap around the neck wires was pulled off during
oo the test due to the motion of the head.

- 16. TEST 3516 . Cell: H ' Subject: ADM-S Result: No-Test

ELECTRICAL: Excessive noise was ptesent in the Right Hip Abduction/
Adduction data, and continued to be present for most of the
remaining small ADAM tests. The shape of the response plot
of the ADAM Y-Neck Moment data was somewhat different than ,
for the corresponding ADACS data. The ADAM internal
temperature read 8° C higher than the ADACS temperature. ‘A

- "No-Test™ occurred due to faulty ADACS Head/Neck Z Force
T g:ga The problem was caused by a shield to system ground
rto v ) I ' v
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STRUCTURAL: The left shoulder cover came off during this and one other
small ADAM test.

PROCEDURAL: e harness pre-tensions at the hips and shoulders were
oW,

17. TEST 3517 Cell: I  Subject: ADAM-L  Result: ADAM Success

ELECTRICAL:  rior to the test, the Left Lower Leg Torque Positive
channel was determined to be faulty (waived). Large
negative spikes were present in the data on one RAM and two
DECOM channels, and large positive spikes were present on
one DECOM channel. Excessive noise was present in the
Z-Chest Acceleration data. The Y-Lumbar Moment data
saturated at 3300 in-lbs during this test and continued to
saturate at this same level dutmg the’ remammg large ADAM
tests. The cause appeared to be in the 'inability of the
load cell transducer to measure forces more than 1C%
greater than its rated value of + 3000 lb-in. The ADAM
internal temperature read 6° C higher than the ADACS
temperature. The ADACS Head/Neck Z Force data showed an
offset of -200 1lbs and the shape of the response plot was

- somewhat different than the corresponding ADAM plot.

18. TEST 3518 Cell: 1 Subject: ADAM-L Result: ADAM Failure

ELECTRICAL: The 2-Neck Force data showed an excessively high peak
magnitude. The problem appeared to be located near the
sensor connection. Dropouts were present in the Right
Sternoclavicular Pronation/Retraction data. The cause was
a pinched wire which was repaired, insulated, and
repositioned. A breakup and dropout occurred in the Left
Elbow Flexion data. A board connector and short cable were
replaced. The ADAM internal tempetature read 9° C higher
than the ADACS temperature.

PROCEDURAL: The harness pre-tensions at the hips were low.

19..TEST 3519 Cell: I  Subject: ADAM-S  Result: ADAM Success

ELECTRICAL: Excessive noise was present in the Right Sternoclavicular
Elevation/Depression data. The ADAM internal temperature
tead 9° C higher than the ADACS teuperatute.

PROCEDURAL: The harness pre-tensions at the hips and shoulders were
low.

20. TEST 3520  Cell: I . Subject: ADAM-S Result: ADAM Success

ELECTRICAL: Excessive noise was present in the Y-Lumbar Moment data.

The ADAM internal temperature read 6° C higher than
the ADACS temperature. The ADACS Neck MY Torque data
showed a -60 lb. offse*.

STRUCTURAL: Damage to the shoulder 'vi'scera tie-down was noticed after
’ the test. Damage occur;ed to the upper part of the
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restraint harness. The harness was subsequently replaced
after the test. '

PROCEDURAL: The harness pre-tensions at the hips and shoulders were

low.

21, TEST 3521  Cell: J  Subject:

ADAM-L Result: No-Test/
ADAM Failure

ELECTRICAL: The Z-Neck Force data was saturated due to a broken wire in

the channel’s negative
in the Y-Head Accelerat
Excessive noise was pre

excitation line. A dropout occurred
ion data due to a bad wire.
sent in the Y-Lumbar Acceleration

data. The Left Lower Leqg Torque Positive and Left Lower

Leg Torque Negatxve dat

a were faulty due to broken wires in

the knee load cell. These ‘channels were waived for the
remainder of the large ADAM tests. An ADACS failure

occurred due to a 70 ms
impact, but the data wa
point of the dropout.

data dropout occurring after
s able to be processed up to the

The cause appeared to be broken

connections in the whip cable. The ADACS internal

temperature read excess
3499).

STRUCTURAL: A left elbow bushing wa

ively high at -253° C (See Test

s loose prior to the test. This

part was determined to have had a manufacturer’s. defect and
was replaced. Damage was noticed at the top half of the

X-Band 90 harness and a

t the lower half of the harness at

the "D" ring. The harness was replaced after the test.

PROCEDURAL: A "No-Test" was declared due toc a jam in the oblique

LOCAM camera as well as

the ADACS failure. The harness

pre-tensions at the hips and shoulders were low.

22. TEST 3523 Cell: J Subject:

ELECTRICAL: The ADAM data was unusa
‘ occurtxng at about 60

75 Hz sine and 100 Hz

data on some channels a

. present in the ADACS In

~ comparison with the

camera. . The harness

23, TEST 3524  Cell: J  Subject:

ELECTRICAL: The Right Lower Leg Tor
the electrical pre-test
also checked bad in the
problem appeared to be
which was resoldered af

ADAM-S Result: No—Test/'
ADAM Failure

le due to a large spike

. Also causing interference were
are waves which appeared in the
ter the spike. A large spike was
ernal Temperature data making
temperature data difficult.

 PROCEDURAL: A "No-Test" occurred duz-to a jam in the oblique LOCAM
‘ P

tensions at the hips were low.
ADAM-S Result: ADAM Success

ue Positive channel checked bad in

(waived). The Lumbar Roll channel

electrical pre-test (waived). The

in a printed circuit connection

ter the test. - A dropoff occurred in

' the Right Hip Flexion data (waived). The ADAM internal
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STRUCTURAL:

PROCEDURAL:

temperature read 9° C higher than the ADACS temperature.
A large positive spike was present in the data in
several ADACS channels at about 230 ms.

The right and left shoulder flexion assemblies were removed
and inspected prior to the test.

The LOCAM camera system was switched to the photosonic
system for this test and beyond to avoid any future camera
jams. The harness pre-tensions at the left hip and right
shoulder were low.

24. TEST 3525 Cell: J  Subject: ADAM-L  Result: ADAM Failure .

ELECTRICAL:

PROCEDURAL:

The Z-Neck Force data was saturated. The cause was a
defective head/neck z-axis load cell. The defective cell
was replaced with the one from the small ADAM prior to the
next large ADAM test. Excessive noise was present in the
Y-Lumbar Acceleration data. A dropoff occurred in the
Right Hip Flexion data. The load cell for the Y-Lumbar
Moment channel was recalibrated prior to the test but the
test data was still saturated at 3300 lb-in. The magnitude
of the ADACS internal temperature data was excessxvely high

.at =255° C (see Test 3499).

The RAM data needed to be reptocessed due to the failure of
SRL to submit the new Y-Lumbar Moment sensitivities in time
for the first processing. A camera ran out of film 1
second before the test, causing an abort. A harness tear
was found after the test. The harness pre-tensions at the
hips were low.

25. TEST 3526 Cell: K Subject: ADAM-S Result: ADAM Failure

 ELECTRICAL:

PROCEDURAL

No DECOM data were available after the test. The cause was

.not determined. The Right Lower Leg Torque Negative and

Left Lower Leg Torque Positive data appeared to be faulty.
The Right Hip Flexion (waived) and Lumbar Roll data were
defective. The causc was unknown. The ADAM internal

temperature read 4° C higher than the ADACS temperature.

The harness pre—tensions at the hips and shoulders were
low.

26. TEST 3527 Cell:.K Subject: ADAM-L  Result: ADAM Success

'ELECTRICAL:

STRUCTURAL:

After the test it was noticed that the Lumbar Roll and Hip
Flexion sensors had no positive excitation. The Right Hip .
Medial/Lateral position sensor had an intermittent wiring
problem which was noticed after the test. The ADAM

internal temperature read 11° C higher than the ADACS
temperature. '

After the test it was noticed that two screws to the
position sensor for the Right Sternoclavicular Elevation/

- Depression were loose, although the sensor itself remained
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PROCEDURAL:

stationary. The sternoclavicular pronation/retraction
potentiometer blade had some slight movement due to a lack
of hot melt glue. This could have prevented the sensor
from registering its full range.

The ADAM data had to be reprocessed since the Z-Neck Force
and Z-Neck Moment sensitivities changed due to replacement
of the head/neck load cell. The harness pre-tensions at
the hips and shoulders were low.
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DISCUSSION
Structural Adequacy of ADAM

The ADAMs successfully completed the test program with no permanent
deformation or failures of major structural components. Only one minor
mechanical problem was noted during testlng :

The clevis which allows the ADAM’s arm to swing is fastened to the shoulder
stud by means of a locknut, under which are a lockwasher and flat washer.
The~e is some clearance between the sides of the stud keyway and the keys
on the washers. Under the force of the tests, friction between the clevis
and flatwasher causes the washers to rotate. The wear and impact
deteriorated the keys until they failed. ' .

This effect was noted prior to test 3503 for the large ADAM and after test
3507 for the small ADAM.

To solve the problem an oillite™ (0il impregnated bronze alloy) bushing
" was placed between the shoulder clevis and the flat washer. This reduced
the friction in the joint and no further problems were noted for the
remainder of the test program.

Comparison of the Dynamic Response of ADAM With Human Subjects

No human response data are yet available to allow a comparison of ADAM and
human response to +Gy impact, but a program to obtain the necessary data is
planned for the future.

Human response data for 10 G impacts in the -x direction using prototype
X-Band 90° and X-Band 45° harnesses in a CREST configuration are available
and are summarized in Appendix C. These data were used to evaluate the
ability of the ADAMs to simulate human dynamic response.

The following quantities measured during the tests were used to compare

ADAM and human.dynamic response:

1. Maximum x-axis chest acceleration (external accelerometers).

- Time-to-peak x-axis chest acceleration (measured from initiation of

. impact).

Maximum z-axis chest acceleration (external accelerometer)

Time-to-peak for item 3.

Maximum x-axis head acceleration, (1nternal sensor for ADAM, external
for humans). .

2
3
4
5
6. Tlme-to-peak for item 5.

7. Maximum combined shoulder anchor load.

8. Time-to-peak for item 7.

9. Maximum right horizontal anchor resultant load.

10. Time-to-peak for item 9.

Items 7 and 9 showed a fair correlation with subject weight. For these, a
least squares line was drawn through the human data with 95% confidence
bands. The ADAM data were then plotted on the same axes to allow a visual
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determination of how well the ADAM data matched the human data. Figures 8
and 9 show this comparison for each of the two harness types. Maximum
right vertical anchor load vs. subject weight is also plotted for
completeness, though it cannot be used to judge the ADAM simulation of
humzn response. This is because this anchor was pretensioned in the human
cests but slack in the ADAM tests. The results are not comparable.

The other items showed a poor correlation with subject weight and were
taken as independent of it. A Gaussian distribution was assumed instead.
Mean (x) and upper and lower confidence limits (+ 2 standard deviation)
were calculated for the human data and tabulated with the ADAM data for
comparison. : ' '

TABLE 2. MAXIMUM X-AXIS CHEST ACCELERATION

HUMAN X-Band 96 X-Band 45
X + 28 -9.9G -8.76G
X -13.8 G -14.7 G
X-2s -17.76 | -20.76
‘Small ADAM | -11.6 G -11.0 G
Large ADAM | -15.8 G -11.3 G

The ADAM results show a good fit with the human data.

TABLE 3. TIME-TO-PEAK X~AXIS CHEST ACCELERATION

'

"HUMAN ., | X-Band 90 | X-Band 45
X + 25 98.1 msec | 104.5 msec
X . 86.4 msec | - 86.4 msec
X~ 2s . 74.6 msec | 68.3 msec
small ADAM | 77.0 msec | 73.0 msec
Large ADAM 84.0 msec 94.0 msec

The ADAM results show a good fit with the human data.
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TABLE 4. MAXIMUM Z-AXIS CHEST ACCELERATION

HUMAN X-Band 90° [X-Band 45°
X + 28 16.5 G 20.5G
X 11.0 6 13.1 6
X - 25 5.5 G 5.7 G
Small 2DaM | 12.2 G- 16.1 G
Large ADAM 13.7 G 12,6 G

' The ADAM results show a good fit with the human data.

The ADAM

TABLE 5. TIME-TO-PEAK 2Z-AXIS CHEST ACCELERATION
HUMAN X-3and 90° | X-Band 45°
X+ 28 130.7 msec | 137.7 msec
X 93.6 msec 99.3 msec
X - 25 56.5 msec | 60.9 msec
Small ADAM 68.0 msec | 73.0 msec
Large ADAM 85.0 msec 84.0 msec

'results show a good fit yiﬁh the human data.

 TABLE 6. MAXIMUM X~-AXIS HEAD ACCELERATION

HUMAN X-Band 90° | X-Band 45°
X + 25 -6.9 G '-7.36
X -10.2 G -10.8 G
X -5 -13.4 G -14.3 6
Small ADAM | ~18.0 G -18.2 G
Large ADAM ~16.1 G -15.4 G




The ADAMs, particularly the small ADAM, show a poor fit with the human
data. e ADAM accelerometer is more rigidly mounted and may be located at
a greater radius from the axis of rotation than the mouth-pack accelerom-
eter 5~J in the human tests. However, it is unlikely that these factors
affect the results to a significant degree.

TABLE 7. TIPIEf—'iO—PEAK X-AXIS HEAD ACCELERATION

HUMAN X-Band 90° | X-Band 45°

X + 28 '132.7 msec | 117.0 msec
% ' 106.6 msec | 96.4 msec
X - 28 A 80.5 msec 75.8 msec

Small ADAM | 104.0 msec | 103.0 msec

Large ADAM | 105.0 msec | 102.0 msec

_The'ADAM results show a good fit with the human data.:

ITEM 7 MAXIMUM COMBINED SHOULDER ANCHOR LOAD
Flgure 8 shows graphically that the ADAM data matches the human data very
well for the X-Band 90° harness. ' The results are reasonable for the X-Band
45° harness. '

_ TABLE 8. TIME-TO-PEAK FOR MAXIMUM COMBINED SHOULDER ANCHOR LOAD

HUMAN X-Band 90° | X-Band 45°
X + 25 99.9 'msec | 93.8 msec
% 94.3 msec | 88.2 msec
X - 25 88.7 msec | 82.6 msec
$mall ADAM (x-axis) | 78.5 msec | ~77.0 msec
Large ADAM (x-axis) | 91.5 msec 86.0 msec

The large ADAM shows a good fit with the human data. The small ADAM does
not, probably because of the problem with gettzng adequate shoulder
preloads with the small ADAM.

ITEM 9, MAXIMUM RIGHT HORIZONTAL ANCHCR RESULTANT LOAD
Figures 8 and 9 show that the ADAM data fit the human results poorly. The

correlation coefficient for the X-Band 45° line is low, causing it to have
larger confidence bands than that fot the X~-Band 90° hatness. :
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TABLE 9. TIME-TO-PEAK HORIZONTAL ANCHOR RESULTANT LOAD

HUMAN X-Band 90° | X-Band 45°

X+ 28 89.4 msec | 93.3 msec
X 83.1 msec 86.9 msec
X - 28 76.8 msec 80.5 msec

Small ADAM 85.0 msec 77.0 msec

Large ADAM 95.0 msec 87.0 msec

The small ADAM shows a good fit with the human data for the X-Band 90°

" harness and a poor fit for the X-Band 45° harness. The reverse is true for
the large ADAM. The large ADAM response in the X-Band 90° may be slowed by
the tubes of the harness attachment pressing into its sides. In the X-Band
45° harness, the slack in the vertical anchor may have had a larger effect
on the small ADAM than the large ADAM.

Though the head accelerations are too high and the hip anchor forces too
low, overall the ADAM data match the human data well. Two cautionary notes
are required. First, the conclusions are drawn from a single test of each
ADAM with each harness, 'so it is unclear if the ADAM test results are
representative of average response. Second, for those items which show a
poor match between ADAM and human data, it is not clear how much of the
difference in response is due to differences in the test setup rather than
differences between ADAM and human response.

Accuracy of ADAM Instrumentation

DECOM/RAM

Wilcoxon Signed Rank tests were performed in order to compare the ADAM RAM
and DECOM systems. These tests used differences between the paired data of
the two systems to test for differences between the means. The variables
tested were peak magnitude and time-to-peak for the nine "critical
channels". No significant differences were found between any of the RAM
and DECOM data in'either the small or the large ADAM (« = 0.05).

Small ADAM RAM

Small ADAM peak magnitude and time-to-peak offset-adjusted data are shown
in tables 10-13 for both the RAM and ADACS systems. All data are n=I
unless the G-level is followed by (2), indicating the data is the mean for
n=2, RAM data deviating more than + 5% from the ADACS data are followed by
an asterisk, with the percentage of the data deviations summarized in Table
14. 'Only the RAM Head Y Acceleration, Head Z Acceleration, and Neck Y
Force data (+Gy), and the Head X Acceleration and Neck X Force data (-Gx),
demonstrated consistent accuracy in the peak magnitude measurements. The
RAM time-to-peak data, however, was consistently close to the ADACS data on
all 8 channels, with the exception of the Lumbar Y Force (+Gy). ,

AN
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CHANNEL (+Gy)

HEAD Y ACCEL (1 T T
HEAD 2 ACCEL |- o Ce SR

CHEST Y ACCEL . ' PR o
LUMBAR Y ACCE' S o
NECK Y FORCE - - .. ,
NECK Z FORCE . , LT R
LUMBAR Y FOR! e T Ty e
LUMBAR Y FOR' o S T y20.5%
NECK MX TORC o 128,/686*
HEAD Y ACCF coLn e bl 119121

" HEAD Z ACCE » . Y/ 00 88,89
CHEST Y ACC: I 52/€4 71/79

" LUMBAR Y AC, . o) i 62/63 . 61/62
NECK Y FORCE (MS) 1.3Y,/132% 129,128 120119 -
NECK Z FORCE (MS) 127/124 - 124,127 118/116
LUMBAR Y FORCE (MS) 125/126 119,118 71,72
LUMBAR Y FORCE (~-MS) 64/65 52/39* 61,/68%
NECK MX TORQ (MS) 144,150 127,129 116,116

*RAM data deviating more than + 5% from ADACS data

Co TABLE 11
SMALL ADAM ADACS/RAM +Gy DATA
X-BAND 90° HARNESS '

CHANNEL (+Gy) 8G 6 146

HEAD Y ACCEL (G) 14.5,14.7 25.0/24.9 34.2/34.4
HEAD Z ACCEL (-G) 15.3/16.4* 25.3,25.4 37.3/36.8
, CHEST Y ACCEL (G). 17.1/16.1* 24.8/23.1* 29.0/28.5
LUMBAR Y ACCEL (G) 23.3/25.3*% 36.3/39.6* 36.8/39.1%
NECK Y FORCE (-LB) 117174 189,195 246,/256
NECK Z- FORCE (LB) 161/181* - 368/389* 491,474
'LUMBAR Y FORCE (~LB) 1719,908% 2177/1164* 1652/944*
NECK MX TORQ (LB*IN) 268/429* 628,652 824,797

HE:© Y ACCEL (MS) 129,135 125,126 118,119

HEA.’ % ACCEL (MS 92,95 90,91° ' 89,91
CHES Y ACCEL (MS) 79/79 78,19 711/73
LU R Y ACCEL (MS) © 73/76  60/61 53,55
NECK Y FORCE (MS) 1307133 125,126 115,116
NECK 2 FORCE (MS) . 93/94 123/111* 116,116

. LUMBAR Y FORCE (MS) 69/72 59,60 . 49/51
NECK MX TORQ (MS) 136,135 128/121* 115,118

*HAM data deviating more than + 5% from ADACS data .
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TABLE 12
SMALL ADAM ADACS/RAM -Gx DATA
X~BAND 45° HARNESS

CHANNEL (-Gx) 10G 20G (2) 306 406

HEAD X ACCEL (-G) 18.8/18.4 45.5/46.2 62.4/61.9 93.0/94.2
HEAD Z ACCEL (-G) 8.8/8.1* 24.0,24.5 47.5/51.0* 72.9/74.7
CHEST X ACCEL (-G) 15.1,15.5 29.6/30.€ 50.0,60.3* 61.8/60.3
LUMBAR X ACCEL (-G) 13.6/13.8 36.9,/38.5 55.5/61.7* 74.7/84.4*
NECK X FORCE (LB) 164157 411,398 562/559 866,833

NECK Z FORCE (LB) 54.5/63.1* 188,207*  403/450* 622/660*
LUMBAR X FORCE (-LB) 72.6/147* 249/227* 586,559 1127,1119
NECK MY TORQ (LB*IN) 147,139* 381/358* 703/616* 834,808

HEAD X ACCEL (MS) 103,104 84/85 12/74 66,/68
HEAD Z ACCEL (MS 84,81 71/73 . 14/15 55,57
CHEST X ACCEL (MS) 68,69 54,56 46/46 41/42
LUMBAR X ACCEL (MS) 72/73 58/59 46/47 40/42
NECK X FORCE (MS) 104,102 83/83 12/72 65/68
NECK Z FORCE (MS) 253/87* 94,96 76/76 67/13*
LUMBAR X FORCE (MS) 93,90 80,78 71/70 63/66
NECK MY TORQ (MS) 95/95 /77 65/65 60/62

*RAM data déviating more than + 5% from ADACS data

Table 15 shows the results of Wilcoxon Signed Rank tests comparing

the small ADAM RAM and ADACS data, with levels of statistical significance
in parentheses. Significant differences between 5% and 10% were present
between the RAM and ADACS in the peak magn1tude of the Lumbar Y
Acceleration and Neck Y Force data (+Gy), and in the Chest X and Lumbar X
Acceleration data (-Gx). The peak magnitude of the Lumbar Y Force data
(+Gy) showed a large difference between the two systems (-45%), although
not enough data were present to infer statistical significance. 1In the
-time-to-peak measurements, only the RAM Neck Z Force data (-Gx) deviated
more than 5% from the ADACS data.

Graphical comparxsons of small ADAM RAM and ADACS peak magnitude mean data
as a function of carriage (sled) acceleration level are shown in Figures 10
and 11. The data were obtained by averaging measurements from the X-Band
45° and X-Band 90° harness tests. Large deviations between the two systems
can be observed in the Lumbar Y Acceleration, Neck Y Force, Lumbar Y Force,
and Neck MX Tcrque +Gy plots. The -Gx RAM curves, however, appear to match
the ADACS curves fairly well for all eight channels, with the exception of
the Chest X Acceleration and Lumbar X Acceleration data at 45 G.

The general shape of the small ADAM dynamic response plots in both the +Gy
and -Gx tests appeared to match the shape of the corresponding ADACS plots
closely. Most of the significant differences between the ADAM 2nd ADACS
peak magnitude listed in tables 10-13 occurred during tests where a rela-
. tively fast rise or fall time was present in the dynamic response. One
possible explanation for the differences is in the different types of
filtering in the two systems. The ADACS system consists of a low-pass
four-pole 120 Hz Butterworth filter while both ADAMs employ low-pass
eight-pole 200 Hz Butterworth filters. Another possible reason for the
differences is that while the two systems both sampled data at 1000
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samples/sec on all channels, the sampling time was not fully synchronized
between the two systems. Also, the resoluticn of the ADAM A/D conversion
employed only 8 bits as compared to 11 bits for the ADACS system. The
significant differences in the time-to-peak data, however, did not appear
to be due to any differences between the two systems in measuring time-to-
peak, but usually resulted when slight variations between the response plot:
shapes as discussed above, caused the two systems to read different peaks

as maximum. :

| TABLE 13

SMALL ADAM ADACS/RAM -Gx DATA
X-BAND 90° HARNESS

CHANNEL (~Gx) 10G (2) 206 (2) 306 (2)
HEAD X ACCEL (~G) 18.8/19.4 41.7/40.9 75.5/75.7
HEAD Z ACCEL (-G) 8.3/10.6% 25.4/25.4 51.2/51.9
CHEST X ACCEL (-G)  13.3/14.3% 29.8/30.1  40.7,/40.7
LUMBAR X ACCEL (-G) 14.7/15.3 39.5/40.6 57.4/58.5
NECK X FORCE (LB) 160/174* 3707355  711/696
NECK Z FORCE (LB) = —— 164/170  448/418+
LUMBAR X FORCE (-LB) 69.0/76.7% . 445,463 1015/967
NECK MY TORQ (LB*IN) 145/123*  147/139*  344/336
HEAD X ACCEL (MS) 104,105 84/85 ., 75/76
HEAD 2 ACCEL (MS 157,240+ 82/83 61/62
CHEST X ACCEL (MS) /7 54,54 46,48
LUMBAR X ACCEL (MS) 78,79 57,58 50,/51
NECK X FORCE (MS) 104,103 84,86 75/76
NECK Z FORCE (MS) — 98,99 81/82
LUMBAR X FORCE (MS)  94/B9+ 85/84 77/18
NECK MY TORQ (MS) 96,97 89,90 71/71
CHANNEL (-Gx) 06 456

_ HEAD X ACCEL (-G)  82.2/83.7 120,122

HEAD Z ACCEL (~G) 64.9/62.2 96.0/85.6% -

CHEST X ACCEL (-G) 50.4/51.1  67.7/92.2+
LUMBAR X ACCEL (-G) 73.2/76.3 87.8/97.4*
NECK X FORCE (LB) 790/771 1141/1136
NECK Z FORCE (LB) 609/597 .953/937
LUMBAR X FORCE (-LB) 435/399 . 2191,2147
NECK MY TORQ (LB*IN) 388,370  722/785*

HEAD X ACCEL (MS) 71/12 65/66

HEAD Z ACCEL (MS 58/58 54,55
CHEST X ACCEL (MS) 76/76 - 41/42
LUMBAR X ACCEL (MS) 46/48 40/42
NECK X FORCE (MS) 71712 65/66 .
NECK 2 FORCE (MS) 76,78 . 68/69
LUMBAR X FORCE (MS) *  73/70 . 67/69
NECK MY TORQ (MS) 67/68  62/63

'RM“-d_ata deviating more than + 5% from ADACS data

37




TABLE 14
PERCENT SMALL ADAM RAM DATA
WITHIN 5% OF ADACS DATA

CHANNEL (+Gy) PEAK MAG TIME-TO-PEAK
HEAD Y ACCEL 100% 100%
HEAD. Z ACCEL 83% 100%
CHEST Y ACCEL 50% 100%
LUMBAR Y ACCEL 0% 100%
NECK Y FORCE '100% 83%
NECK Z FORCE 50% 833
.LUMBAR Y FORCE 17% 67%
NECK MX TORQUE 67% 83%
CHANNEL (-Gx)

'HEAD X ACCEL 100% 100%
HEAD Z ACCEL 56% 89%
CHEST X ACCEL 67% 100%
LUMBAR X ACCEL 67% 100%
NECK X FORCE - 89% 100%
NECK Z FORCE 3e% 75%
LUMBAR X FORCE 67% 893
NECK MY TORQUE 33% 100%

TABLE 15

WILCOXON SIGNED RANK TEST SUMMARIES FOR
SMALL ADAM RAM VS. ADACS DATA

CHANNEL (+Gy) PEAK MAG TIME-TO-PEAK
HEAD Y ACCEL -0.4% (NSD) +1.6% (.10)
HEAD Z ACCEL +1.1% (NSD) +2.0% (.10)
CHEST Y ACCEL -2.8% (NSD) +1.9% (NSD)
LUMBAR Y ACCEL +9.5% (.10) +2.6% (.10)
NECK Y FORCE +9.5% (.10) 0.0% (NSD)
NECK Z FORCE . ~0.6% (NSD) -1.7% —
LUMBAR Y FORCE . -45.4% — -~1.8%  —
. NECK MX TORQUE +3.1% (NSD) +0.0% —
_CHANNEL (-Gx) ‘
HEAD X ACCEL +0.7% (NSD) +1.6% (.05)
HEAD Z ACCEL +0.5% (NSD) - +16.0% (.05)
. CHEST X ACCEL +8.3% (.05) +1.7% (.05)
" LUMBAR X ACCEL +7.4% (.05) +2.9% (.05)
NECK X FORCE ~2.0% (.05): -0.7% (NSD)
NECK Z FORCE +1.1% (NSD) -14.2% (NSD)
LUMBAR ¥ FORCE -1.7% (NSD) -0.7% (NSD)
~-3.2% (.10) +1.1% (.05)

Large ADAM RAM

Large ADAM peak magnitude and time-to-peak data are shown in tables 16-19
for both tbe RAM and ADACS systems, with the percentage of RAM data within

NECK MY TORQUE
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5% of the ADACS data summarized in Table 20. The RAM system was consistently
accurate in measuring the +Gy peak magnitude data in all 8 channels with the
exception of the Lumbar Y Force. The RAM peak magnitude data in the -Gx tests,
however, were consistently close to the ADACS data in only the Head X
Acceleration, Lumbar X Force, and Neck X Force channels. The Neck 'Z Force data
was particularly inaccurate, with none of the measured RAM data occuring within
5% of the ADACS data. As in the small ADAM, the large ADAM RAM time-to-peak
data were fairly close to the corresponding ADACS data in all channels, with
the exception of the Lumbar Y Force (+Gy) and the Neck Z Force (-Gx).

Table 21 shows the results of Wilcoxon Signed Rank tests comparing the mean of
the large ADAM RAM and ADACS data, with levels of statistical significance in
parentheses. No significant differences greater than 5% were present between
the RAM and ADACS in any of the +Gy data. Significant differences between 5%
ana 10%, however, were present in the -Gx peak magnitude of the Chest X -
Acceleration, Lumbar X Acceleration, and Neck MY Torque data. In the
time-to-peak measurements, no RAM data deviated more than 5% from the
corresponding ADACS data. :

Graphical compatlsons of large ADAM RAM and ADACS peak magnitude mean data as a
function of carriage (sled) acceleration level are shown in Figqures 12 and 13.
The RAM data curves appear to fit the ADACS curves fairly closely for both the
+Gy and the -Gx data in all 8 channels, with the exception of the Lumbar Y Force
(+Gy), Chest X Acceleration (-Gx), and Lumbar X Acceleration (-Gx) curves, which
all tend to show somewhat larger RAM values at the higher G-levels. :

As was the case with the small ADAM, the general shapes of the large ADAM
response plots in both the +Gy and -Gx tests appear to closely match the ADACS.
Also, the significant differences between the ADAM and ADACS peak magnitude and’
time-to-peak listed in tables 16-19 usually occurred during tests where a fast
rise or fall time was present in the response data.

TABLE 16
LARGE ADAM ADACS/RAM +Gy DATA
X-BAND 45° HARNESS

CHANNEL (+Gy) 8G. 11G 146
HEAD Y ACCEL (G) 16.0/15.7  22.8/22.3  27.6/28.1
HEAD Z ACCEL (-G) .  20.0/19.8  34.4/33.3  49.4/49.1
CHEST Y ACCEL (G) ' 18.5/18.9 ° 26.2/26.4 . 29.7,/29.3
LUMBAR Y ACCEL (G)  22.4/22.2  34.7/35.3  45.1/44.9
NECK Y FORCE (-LB) 176172 = 255/239% 335,344
NECK Z FORCE (LB) 2007193 © 361366 - 522,519
LUMBAR Y PCRCE (-LB) 84.8/90.5% 169,162 320/349*
NECK MX TORQ (LB*IN) 562,569 773,750 973,956
HEAD Y ACCEL (MS) 127/128 127,127 1177120 - -
HEAD 2 ACCEL (MS) 105,106 99,100 91,92
CHEST Y ACCEL (MS) 97,101 89,91 © 80/79
LUMBAR Y ACCEL (MS) ©  77/78 72/72% 63,64

. NECK Y FORCE (MS) 130/122+ 123,119 116/118
'NECK Z FOK:E (MS) 105,103 100,99 92/92
LUMBAR Y FORCE (MS) 69,/64* 66,64 59,/61:
NECK MX TORQ (MS) 125,127 - - 117117 120121

*RAM data deviating more than &
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TABLE 17

- LARGE ADAM ADACS/RAM +Gy DATA
X-BAND 90° HARNESS

CHANNEL (+Gy) 8G 116 14G
HEAD Y ACCEL (G) 17.4/17.5 21.1/21.1 24.1,24.3
HEAD Z ACCEL (-G) 23.5/22.9 36.0/36.0 40.4/39.3
CHEST Y ACCEL (G) 17.6/17.5 27.3/27.3 28.4/28.3
LUMBAR Y ACCEL (G) 17.9/18.1 22.9/22.6 36.1/36.6
NECK Y FORCE (-LB) 186,193 253,257 285,278
NECK 2 FORCE (LB) . 2427246 343/334 404,423
LUMBAR Y FORCE (~LB) 261/266 529/523 373/392*
NECK MX TORQ (LB*IN)  588/595 721/1725 800,801
HEAD Y ACCEL (MS) 139,141 122,122 118,119
HEAD Z ACCEL (MS 105,105 97,98 91,92
CHEST Y ACCEL (MS) = 85/86 78/79 79/78
LUMBAR Y ACCEL (MS) 76/77 63/65 61/62
NECK Y FORCE (MS) 131127 120121 116,115
NECK Z FORCE (MS) 106,105 96,95 91,91
LUMBAR Y FORCE (MS) 72/70 67/61* . 59/60
NECK MX TORQ (MS) 136,138 125/126 113,114
*RAM data deviating more than + 5% from ADACS data
TABLE 18
LARGE ADAM ADACS/RAM ~Gx DATA
X-BAND 45° HARNESS
CHANNEL (-Gx) 106G 20G + 30G
HEAD X ACCEL (-G) 15.7/15.9 45.4/45.5 72.8/74.6
HEAD 2 ACCEL (-G) 4.5/4.6 30.8/31.3 59.3/62.6*
CHEST X ACCEL (-G) 12.8/13.4 36.0/38.0% 42.9/44.6
LUMBAR X ACCEL (~G) 13.5/13.9 27.9,27.5 61.8/66.9*
NECK X FORCE (LB) 153,154 460/434* 697,697
NECK Z FORCE (LE) 55.7/63.7* 254/178* 385,424+
LUMBAR X FORCE (-LB) 193,187 932,910 1485,/1445
NECK MY TORQ (LB*IN) 234/225 449,/565* 824,829
. HEAD X ACCEL (MS) 102,106 88,88 78,80
"HEAD Z ACCEL (MS 96,99 7071 64,66
CHEST X ACCEL (MS) 80/77 69/70 - 50,/65*
LUMBAR X ACCEL (MS) 78,80 75/58* 49/51
NECK X FORCE (MS) 102/105 87,88 77,80
NECK Z FORCE (MS) 241237 70/101+ 87,/66*
LUMBAR X FORCE (MS) 104104 85/86 76/16
NECK' MY TORQ (MS) 95,96 82,85 72/13

*RAM data deviating more than & 5% from ADACS data
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TABLE 19
" LARGE ADAM ADACS/RAM -Gx DATA
X-BAND 90° HARNESS

CHANNEL (-Gx) 10G . 20G © 306G (2)

HEAD X ACCEL (-G) 16.5/16.1 52.1/52.0 79.3/77.5
HEAD Z ACCEL (-G) 6.4/6.0% _— 61.1/54.5*%
CHEST X ACCEL (-G) 13.3/13.7 _— 51,3/55.7*
LUMBAR X ACCEL (-G) 13.9/13.3 30.3/30.4 44.0/44.0 , 7
NECK X FORCE (LB) 164,169 511,510 778,770 )
NECK 2 FORCE (LB) .  77/64* 266,/292% 462/337* :

LUMBAR X FORCE (-LB) 121,109~ 1208/1207 2091,2951
NECK MY TORQ (LB*IN) 164/180%* 609,626 915,959

HEAD X ACCEL (MS) 105,103 88,89 78/79

HEAD Z ACCEL (MS 94,95 — 66,68

CHEST X ACCEL (MS) 91,93 ——— 61,62

LUMBAR X ACCEL (MS) 76/15 " 58,59 58,60 -

NECK X FORCE (MS) 111,112 - 88,89 79,/80

NECK Z FORCE (MS) . 243,242 - 75/76 62/90%*

LUMBAR X FORCE (MS) 100,101 90,92 78/79

NECK MY TORQ (MS) 110,111 83,85 73/75 ;
CHANNEL (=Gx) 40G (2) s |
HEAD X ACCEL (-G) 100,98.8 117/109*

HEAD Z ACCEL (-G) 103/97.4*  109/97.5%

CHEST X ACCEL (-G) 63.5/71.4%  71.2/77.8* :
LUMBAR X ACCEL (~-G) 96.4/108* 98.4/109* : !
NECK X FORCE (LB) 984,956 1169/1087+ C
NECK Z FORCE (LB) ——— 786/746*
. LUMBAR X FORCE (-LB) 2793,/2749 3943/3828
NECK MY TORQ (LB*IN) 1443,1511 1609/1757*

HEAD X ACCEL (MS) 74/76 70/70

HEAD Z ACCEL (MS 68/76* 72/73
CHEST X ACCEL. (MS) 57,58 .52/54 .
LUMBAR X ACCEL (MS)  44/45 41/43
NECK X FORCE (MS) 74/73 70/71 - | !
_NECK 3 FORCE (MS) . =ewwee 72/73 | e
LUMBAR X FORCE (MS) 7475 . 71/71 .
NECK MY TORQ (MS) 69/70  65/67

*RAM data deviating more than 5% from ADACS data




‘ TABLE 20
PERCENT LARGE ADAM RAM DATA
WITHIN 5% OF ADACS DATA

CHANNEL (+Gy) PEAK MAG TIME-TO-PEAK.

HEAD Y ACCEL 100% 100%

HEAD Z ACCEL - 100% 100%

CHEST Y ACCEL 100% 100%

LUMBAR Y ACCEL 100% 83%

NECK Y FORCE 83% 83%

NECK Z FORCE 100% 100%

LUMBAR Y FORCE 50% 67%

NECK MX TORQUE 100% 100%
" CHANNEL. (~Gx) ‘ o
HEAD X ACCEL . 88% 100%

/ HEAD 2 ACCEL 29% 86% |
' CHEST X ACCEL 43% 86% : , '

LUMBAR X ACCEL 63% 88%

' NECK X FORCE 75% © 100%

NECK 2 FORCE 0% 57%

LUMBAR X FORCE 88% - . 100%

NECK MX TORQUE 63% 100%

TABLE 21

‘ . WILCOXON SIGNED RANK TEST SUMMARIES FOR
LARGE ADAM RAM VS. ADACS DATA

CHANNEL (+GY) PEAK MAG TIME-TO-PEAK
) HEAD Y ACCEL 0.0% (NSD) +0.8% ——
' HEAD 2 ACCEL -1.5% (.10) +0.8% (.10)..
CHEST Y ACCEL 0.0% (NSD) +1.2% (NSD)
LUMBAR Y ACCEL 0.0% (NSD) +1.5% (.10). ‘
NECK Y FORCE - -0.4% (NSD) -2.4% (NSD)
NECK 2 FORCE +0.6% (NSD) ~0.8% ‘=
LUMBAR Y FORCE +2.8% (NSD) -0.5% (NSD)
NECK MX TORQUE ~0.4% (NSD) +0.8% (.10)"
CHANNEL {(~Gx)
q ' HEAD X ACCEL -1.8% (.10)  +1.3% (.10)
& : ' : HEAD 2 ACCEL ~~5.5% (NSD) +0.3% (.10)
_ : CHEST X ACCEL +8.9% (.05) +3.4% (NSD)
LUMBAR X ACCEL +7.0% (.10} -0.5% (NSD). '
1 o 'NECK X FORCE -2.6% (.05) +1.3% (.05) ]
o B 'NECK 2 'FORCE - =-6.5% (NSD) -0.7% (NSD) :
! . LUMBAR X FORCE ~2.0%:(.05) +0.7% (.10)

NECK MY TORQUE +5.8% (.05) +2.0% (.05)
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FIGURE '12. LARGE ADAM +Gy DYNAMIC RESPONSES VS. CARRIAGE ACCELERATION . .
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FIGURE 13. LARGE ADAM -Gx DYNAMIC RESPONSES VS. CARRIAGE ACCELERATION
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Temperature measurement

Wilcoxon Signed Rank tests were performed to compare the ADAM RAM internal
peak temperature measurements with those of the ADACS, and are summarized
in Table 22. 1In the +Gy tests, the RAM mean temperature was significantly
lower in both the small ADAM (-21%) and the large ADAM (-22%) than the
corresponding ADACS data. In the -Gx tests, however, the RAM temperature
was slightly higher than the ADACS in both ADAMs, although the differences
were not statistically significant. The large difference in the tempera-
ture measurements between the +Gy and the -Gx tests was due to the addition
of ADAM voltage offsets into the ADACS calculations prior to the -Gx tests.
After the adjustments were made, the temperature differences between the
ADAM and the ADACS systems in the -Gx tests were reasonable considering the
relatively low resolution (3.9° C / bit) of the ADAM temperature '
measurement system.

- TABLE 22
WILCOXON SIGNED RANK TEST SUMMARIES FOR ADACS VS
RAM PEAK TEMPERATURE COMPARISONS (a = 0.05)

+Gy ADACS RAM $ CHANGE
SMALL ADAM 126° C 100° ¢ | -21%
LARGE ADAM 108° C | 84.5° Cc | -22%

-Gx . | »
SMALL ADAM 77.1° Cc | 80.7° C NSD
'LARGE ADAM | 81.8° C | 87.8°°C|  NsD

Extraneous data

Excessxve noise was first observed on several small ADAM channels after the
initial small ADAM test. . Tc prevent recurrence of the noise, .01 uf °
capacitors were installed in the noisy small ADAM channel lines. These
were ' not entirely effective since the noise continued to a lesser extent
. throughout the small as well as the large ADAM tests. Table 23 lists the
ADAM channels with the highest observable noise levels along with the
criteria for de51gnat1ng those channels as such. Small ADAM test 3484 was
not included since the capacitive filters were not installed until after
this test. Note that even with the filters, more noisy channels were
present in the small ADAM tests (17) than in the large ADAM tests (8), The
_noise was not randomly distributed among all the channels in either ADAM
but instead tended to recur in the same relatively small number of
channels. The occurrence of the noise appeared to be unrelated to impact
since it was apt to occur at any time before, during, or after the
- acceleration impulse. Since the ADACS system, which had its input lines
- tapped directly from the ADAM sensors, showed little or no noise throughout .
the tests, defective sensors and/or high amplitude external noise would
' appear to be unlikely causes. Also unlikely to have contributed to the

47




noise levels were defects in the electronic signal conditioning, since this
network is essentially the same for all channels (the low-level channels as
a group, however, do require more amplification than the high-level
channels). A more likely cause would be loose, partially broken, or
improperly shielded internal wires and faulty connections. Additional ADAM
des1gn work may be needed to either eliminate the cause of the noise or
-increase the effectiveness of the channel filtering.

TABLE 23
SUMMARY OF DATA NOISE
SMALL ADAM LARGE ADAM
NO. OF NOISY ' NO. OF NOISY
CHANNEL DATA  CHANNEL DATA
X-LUMBAR ACCEL 3 2Z-CHEST ACCEL 3
Y-LUMBAR ACCEL 1 Y-LUMBAR ACCEL 2
LEFT LOWER LEG
TORQUE NEG 2 Y-CHEST ACCEL 1
Y-LUMBAR MOMENT 4 - X-CHEST ACCEL 1
RT STERN ELEV 4  [LEFT LOWER LEG
TORQUE NEG 1
RT HIP SUPINE ’ .
~ ABD/ADD 3 |  {ToraL | 8
TOTAL 17

CRITERIA FOR DESIGNATION OF NOISY DATA

ACCELEROMETER:  NOISE LEVEL > 4 G
LOAD CELL: NOISE LEVEL > 500 LB~IN
POSITION SENSOR: NOISE LEVEL > 8°

High amplitude'spikes were present in much of the ADAM test data, usually
occurring after maximum acceleration. The spikes were either single or
mult1p1e and most were of negatxve polarity. Unlike the occurrences of
noise, the spikes were present in many different chamnnels (16 in the large
ADAM and 7 in the small ADAM). Table 24 summarizes the occurrences of
spikes in both ADAMs. Many more spikes occurred in the large ADAM (37)
than in the small ADAM (7) and many more were present in the DECOM systems
of both ADAMs (38) than in the RAM systems (6). The spikes presented
problems in the data analysis. Due to their large amplitude, which was
usually larger than the response itself, filtering of the data was
required. This involved accessing the response files and eliminating the
data during the time of the spike for each affected channel. Also, the
scaling of the "quick look" plots was disproportionate to the response
amplitude since the entire spike had to be included in the plot. The
occurrence of the spikes after maximum acceleration and the fact that 86%
occurred in the DECOM as opposed to the RAM system indicates that the
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sou: . e spikes was probably between the DECOM takeoff connection and

the - "-. Possible causes could be faulty wiring between the DECOM
tar : o whip cable connection or improper shielding in the whip
cal: - : o

“TABLE 24

SUMMARY OF DATA SPIKES

SMALL ADAM | LARGE ADAM
| SENSOR " | pEcom RmaM | DECOM RAM
| AccELEROMETER 2 1 5 0
l7en CELL : 3 0 12 5
OSITION SENSOR | 1 0 15 0
e 6 1 2 5

Reliabilityoof ADAM Instrumentation

“re summarized in Table 25. For the small ADAM, 4 tests
"s» of the tests were considered ADAM failures. ' They
+ 11 G 'n the +Gy tests, and 40 G and 45 G in the -Gx
w AD:M, 5 out of 18, or 27.8% of the tests were
‘s, They occurred at -20 G (2), -30 G, and -40G (2),

e - . = All the failures of both ADAMs were due to
malfunc. ctrical instrumentation and data collection systems,
with at . identified as hardware related. For further
details, . ~ Test Narrative, ,
. TABLE 25
__SUMMARy OF ADAM FAILURES
| TEST NO. |ADAM|AC e . VEL|PROBLEM  |cause
3484 | s +8 Gy  [NO RAM DATA MEMORY BOARD FAILURE
03494 | s | +11 6y NO RAM/DECOM DATA - |DIGITAL I,/0 BOARD FAILURE
3499 | L | -20'6x  |2-HEAD ACCEL CHANNEL |DEFECTIVE WIRE
3505 |'L | -20 Gx  |X-CHEST ACCEL CHANNEL|DEFECTIVE WIRE
3518 | L | -30 Gx  |2-NECK FORCE'CHANNEL |DEFECTIVE WIRE
3521 | L | -40 Gx = |2-NECK FORCE CHANNEL |DEFECTIVE WIRE
3523 | S | ~40 Gx . |LARGE SPIKE IN DATA |UNDETERMINED
3825 | L | -40 Gx . |2-NECK FORCE CHANNEL |DEFECTIVE HEAD/NECK LOAD
N | o | CELL'
3526 | 5 | ~45 Gx NO DECOM DATA © - |UNDETERMINED

3\
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Har ' sve

In the swill ADAI, circ it board failures occurred during tests in the
memory poicd at +8 Oy and the digital I/0 board at +11 Gy. The digital 1,0
board alse failed ‘wring a pre-test at -10 Gx. In the large ADAM, a
circuit board fai'l-im2 occu.red during a pre-test in the CRIB (Crest
In.erface Baard) at -30 Gx.

Thre2e tyvpes f t-anilicers were employed in he large and small ADAMs.

Tr- se were accr.lerome.2rs lcad cells, and posicion sensors. All three
types perfcumed very i :1iakly, with only two r-cc:?>d instances of failure.
These were *.'2 .arge ALY »7t sterncuaevici’ . ronction/retraction
position .en:cr after a -1 G test and th2 i°:c2 A" head/neck z-axis
load crii after a -40 Gr t:.t It shoi1’d a®sc b2 noted that in large ADAM
tests ¢ -30 Gx and -40 cx, the V-Lwwar Mot i10.d cell was saturated due
to 1ts rated value of + 313C0 li—'r & 'rq exueet'x‘by more than 10% during
the tests.

rost of rhe prcblems associated with defect1Vw ADAM test datu were due to
breaks in wires and faulty ccnaectlicns tn internal components, especially
transducers, in both large aw! small A4, Table 26 gives a sumnary of the
compined +Gy and -Gx locations for {sulty wiring and conmnections. The main
sources of these problens were in k2 wiring and connections to the knee
load cells of both ADAMs. the pusition sensors of both ADAMs, and the
dcrelerometers of the la.ge ATAM,

TABLE 26
SizMiRY OF FAULTY WIRES/CONNECTIONS
SMALZ ADAM LARGE ADAM

ACCELEROMETERS 0 B ACCELEROMETERS 5
LOAD CELLS, KNEE 12 ' LOAD CELLS, KNEE | 7
LOAD CELLS, OTHER 2 ~ |LoAD CELLS, OTHER| 2
POSITION SENSOBS | 6f | POSITION SENSORS | 9
START SIGNAL WIRE | 1 . |TELEMETRY PORT | 1
CPU BOARD INTERCONNECT| 1

roman 21 ftom 24

Data transfer

The transfer of both the RAM and DECOM test data from the ADAM to the DRASS

- unit was efficient and reliable. No loss of ‘data in any of the tests was
shown to have occurred as a result of a malfunction of the URASS unit.
However, DECOM test data was lost in test 3502 due to the DRASS unit being
incorrectly set in the "download” position during the test. The DECOM test
data was also lost in test 3526 anl since no cause was determined, the ,
possibility of a similar DRASS operator error or a DRASS malfunction should
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be considered. In one other test, the bz te-y system of the DRASS was 3
discovered to be low prior to the actual data collection, and a slight
delay occurred while recharging was performed.

Regarding the transfer of data to the computers, no problems were
attributed to either the DRASS to 2-100 or the 2-100 to VAX transfer of the
ADAM data. . . '

Procedural checks and measurements

ADAM pre and post electrical checks both required several minutes to
perform but appeared to be very good indicators of any defective.channels.
No instances of false channel status were indicated by the hand-held
display terminal which was used to perform these checks. However, during
the pre electrical check of test 3498, the terminal was observed to have
been loading down the "start signal”. This was due to the terminal having
been left in the incorrect mode after a previous ADAM maintenance was
performed.

Lists of ADAM channel sensitivities and polarities were submitted prior to
testing and were revised when necessary. In both the +Gy and -Gx tests,
some of the polarities of the ADAM channels initially did not match those
of the ADACS channels and had to be revised. During the -Gx tests it was
discovered that several position channels were showing inverted responses
and new sets of polarities were submitted for those channels.

when the initial ADAM channels sensitivities list was compiled, no offset
voltages were used in the gain computations. Also, it was determined that
the voltage standard was out of calibration at the time of the
measurements. Therefore, the initial ADAM sensitivities list resulted in
incorrect magnitude response measurements for the entire series of +Gy
tests. The sensitivities were tgvised using the offset voltages and a

correct voltage standard, and the +Gy response data was reprocessed.

Due to the large range of sled a¢celeration levels in the -Gx tests (10 G
to 45 G), it was decided to employ increased sensitivities for some :
channels at lower G levels and decreased sensitivities at higher G levels.
The sensitivities of the z-axis accelerometers were not revised as planned
and the first 30 G test was completed with the incorrect decreased

- sensitivities. However, no saturated data were observed. In another.

instance, it became necessary to|revise the sensitivity of the Y-Lumbar

Moment channel due to transducer saturation. However, the new sensitivity.
- was not submitted on time and the RAM data had to be reprocessed.

In summary, the procedural methods for determining, revising, and
submitting the ADAM channel sensitivities and polarities did not appear to
be very efficient. It should be noted, however, that there was often a
limited amount of time between tests which could have contributed to
some of the procedural problems.
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Stability of ADAM Instrumentation

‘System stability indicators

Although the ADAM channel sensitivities were revised several times for
various reasons (see previous section), no accurate data were available for
comparison of the sensitivities before and after the two series of tests.
Therefore, the exact effect of impact on the channel sensitivities and .
system gain over both entire series of tests could not be determined.

One indicator of the system stability in the ADAM low-level channels was'
the difference between the pre-impact RCal-NonRCal values and the ,
post-impact RCal-NonRCal values which was printed out in hex after each
test. A change in this value in any channel indicated a change in the
system gain during impact for that channel. Table 27 shows that the change
in these values exceeded two bits in 3.7% of the small ADAM individual
channel tests and 1.7% of the large ADAM tests. The values exceeded three
bits in less than 1% of the tests in both ADAMs. It would appear,
therefore, that the range of error of the ADAM instrumentation output at
the measured RCal levels was + 3 bits, or + 0.12 volts per test. However,
this range does not take into consideration the cumulative change in output
over a series of tests.

TABLE 27
DIFFERENCES BETWEEN PRE- AND POST—IHPACI’
RCAL-NONRCAL DATA

TOTAL NO.| NO. BITS CHANGE IN CALIBRATION
DATA 3 BITS|4 BITS|S BITS|6 BITS|7 BITS

SMALL ADAM 628 17 3 1 1 1

LARGE ADAM| 517 6 1 2 0 0

Repeatabilityﬁof response

Four pairs of -Gx repeatabxlity tests were run with each test pair having
its own set of parameters as to subject, G-level, and harness type. Both
tests in each pair were performed consecutively in the test schedule. The
percentage of change in peak magnitude (G) and time-to-peak (MS) between
identical tests for both small and large ADAM RAM data are shown in tables
28 and 29. No statistical tests could be performed due to the small number
of pairs. The results, however, appear to indicate a trend of poorer peak
ragnitude repeatability with increasing G-level, as indicated by the
generally higher percentages in the 30 G test paits as opposed to the 20 G
pairs. The data also appear to indicate better peak magnitude repeat-
ability in the small ADAM than in the large ADAM, with a wide range of
percentages observed in both ADAMs. The time-to-peak data showed only
small variations in the test pairs, with the exception of the large ADAM
Lumbat X Acceleration and Neck 2 Force data.
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TABLE 28 '
SMALL ADAM DYNAMIC RESPONSE REPEATABILITY

CHANNEL (—GX) 206 306
HEAD X ACCEL (G) -2.1%  +15.0%
'HEAD Z ACCEL (G) -23.9%  +11.5%
CHEST X ACCEL (G) -3.2% -11.5%
LUMBAR X ACCEL (G) -2.0% -21.9%
NECK X FORCE (LB) -3.3%  +16.2%

- NECK Z FORCE (LB) -6.6% +18.2%
LUMBAR X FORCE (LB) +12.5% +17.1%
NECK MY TORQ (LB-IN) -6.7% -6.6%
HEAD X ACCEL (MS) 0.0% 0.0%

HEAD Z ACCEL (MS) +1.4% 0.0%

‘CHEST X ACCEL (MS) -5.6% -2.0%

LUMBAR X ACCEL (MS) +3.3% 0.0%

NECK X FORCE (MS) —2.4% - +0.0%

NECK Z FORCE (MS) +1.0% -1.2%

LUMBAR X FORCE (MS)  0.0%  +1.3%

NECK MY TORQ (MS) -5.3% 0.0%

TABLE 29

LARGE ADAM DYNAMIC RESPONSE REPEATABILITY

CHANNEL (-GX) 206 306
HEAD X ACCEL (G) -7.08  -7.3%
HEAD 2 ACCEL (G) -  +7.6% - -26.5%
CHEST X ACCEL (G) — +14.2%
 LUMBAR X ACCEL (G) -37.5%  -42.5%
' NECK X FORCE (LB} -9.3%  -10.5%
NECK 2 FORCE (LB)  -21.1% .  -—
LUMBAR X FORCE (LB) ~ +12.6%  -10.6%
NECK MY TORQ (LB-IN) +12.8%  -34.4%
HEAD X ACCEL (MS) -3.4%  0.0%
HEAD 2 ACCEL (MS) 0.03°  1.5%
CHEST X ACCEL (MS) — -6.7%
LUMBAR X ACCEL (MS)  -10.3% +26.1%
NECK X FORCE (MS) ~ -3.4%  0.0%
NECK Z FORCE (MS) +29.7% et
LUMBAR X FORCE (MS)  -5.8% ~3.,9%
NECK MY TORQ (MS) 2,48 -1.4%
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SUMMARY AND CONCLUSIONS

Summary

Large and small production ADAMs were subjected to impacts of up to 14 G in
the +y axis and 45 G in the -x axis, in a simulated CREST ejection seat.
Tests were conducted using both the CREST X-Band 45° and X-Band 90°
harnesses. .

Data were recorded for sled acceleration, sled velocity, harness anchor
loads, manikin internal temperature, head accelerations, chest
acceleration, neck forces, lumbar force, and lumbar acceleration.

The test data were used to evaluate ADAMs’ structural adequacy, simulation
of human dynamic response, instrum:ntation accuracy, instrumentation
reliability, and electronics stability.

Conclusions

The tests showed the ADAMs to be structurally sound, but prone to circuit
board and wiring failures. Heavier gage wire would be appropriate in the
joints that see large motions.

Both ADAMs adequately measured the phase and magnitude of the dynamic
impact responses over time, but neither ADAM was able to consistently
approximate the peak magnitude of the responses to within 5% of the
expected values., The low resolution of the ADAM’s data conversion system,
along with excessive noise in the data, made the dynamic response plots
difficult to read and analyze, especially at lower. acceleration levels.

The overall simulation of human dynamic response by the ADAMs is very good,
though fine tuning of the head and neck might improve the accuracy of the
ADAM head accelerations, which were too high relative to the human head
accelerations measured in a previous program. Note that these judgments
are based on -x axis acceleration conditions, as no data is yet available

. for human response to +y axis accelerations.
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INTRODUCTION

This report was prepared by DynCorp for the Harry G. Armstrong Aerospace
Medical Research Laboratory (AAMRL/8BP) under Air Force Contract
F33615 86-C-0531.

The information provided herein describes the test facility, seat

- fixture, restraint configurations, seat cushions, test subjects, data

' acquisition, instrumentation procedures and the test configurations that
were used in the Horizontal Impact of Anthropomorphic Manikins (CREST
CHIA) Test Program During +Gy And -Gx Accelerations. Forty-four tests
were conducted during November and December 1988 on the Horizontal
Accelerator test facility. .

'1..  TEST FACILITY

The AAMRL Horizontal Accelerator Facility was used for all of the
forty-four tests. The Horizontal Accelerator Facility consists of the
24-inch HYGE actuator, the test sled and 240 feet of track. The
Horizontal Accelerator is designed to simulate an lmpact profile by
accelerat1ng the test sled down the track.;

The energy required to produce the impact acceleration ts generated
~_within the actuator cylinder (Figure A-1) by means of differential gas
pressures ‘acting upon a thrust piston. This thrust piston is attached to
a thrust column assembly which: is used to impact the sled, As pressure
moves the thrust assembly, the sled is accelerated from an initial '
stationary position to a predetermined peak acceleration level and is
then allowed to decelerate by coasting or by brake application. Various
acceleration profiles may be obtained by changing the differential

© pressures, the travel length of the thrust assembly and the metering

structure on the thrust piston. The sled glides along the track rails on
twelve glide pads. The sled braking system consists of caliper brakes
which grip the track rails when activated by onboarr compressed nitrogen
gas. The track rails are one inch thick and the total track length i

© 240 feet. Fcr this test program, the Bendix Square Wave Pin (pin number
2) was used.

2. SEAT FIXTURE

The experimental seat fixture was the 40 G seat mounted on the Horizontal

Accelerator Sled. The seat fixture was modified to represent the CREST
seat in an F-16 cockpit. For the -Gx configuration tests, a 17 degree

" wedge was used placing the seat back angle 30 degrees aft of vertical and

the seat pan 30 degrees above horizontal. Figure A-2 illustrates the -Gx

configuration seat fixture. '




For the +Gy configuration tests, the seat back angle was 13 degrees aft
of vertical and the seat pan was 13 degrees above horizontal. Figure A-3
illustrates the +Gy configuration seat fixture.

The subject was secured in the seat with lower-torso restraint straps and
shoulder s*%raps. Tnese straps were preloaded as required in the test
plan.

3. RESTRAINT CONFIGURATIONS

Two restraint configurations were tested. The two restraint
configurations consisted of variations of the X-Band harness. The
configurations differed only in the attachment locations of the.
lower-torso restraint straps; 90 degrees (designated X-Band-90) and
45 degrees (designated X-Band-45) relative to the 2z axis.

The X-Band-45 harness is illustrated in Figure A-3 with the manikin
secured in the +Gy seat fixture, The X-Band-90 harress is illustrated in
Figure A-4 with the manikin secured in the -Gx seat fixture.

4, SEAT CUSHIONS

The CREST cushion was used_during this test program. The CREST cushion
is a one-inch thick Confor™ C45FR foam cushion coated with Selastic-E
RTV. The CREST cushion was used on both the seat pan and seat back as
illustrated in F1gure A- 2

An extra cushion was used for the. -Gx configuration when testing the
Small ADAM manikin, This extra cushion was attached to the CREST seat
back cushion with velcro and was used to obtain the shoulder preloads as
required in the test plan., This extra cushion uses four, one-half inch
thick Confor'™ C47 foam layers, separated by NOMEX fabric. This extra
seat cushion, installed on the -Gx Configuration seat fixture is
illustrated in Figure A-5,

5. TEST SUBJECTS

Two man1k1ns, the ‘large and small Advanced Dynamic Anthropomorphic
Manikins (ADAMs), were used during this test program. '

6. INSTRUMENTATION

The electror ‘¢ data collected during th1s test program is described in
Sections 6.1 and 6,2. Section 6.1 discusses accelerometers while Section
6.2 discusses load transducers. Section 6.3 discusses the calibration
procedures that were used. The measurement instrumentation used in this




test program are listed in Tables A-la through A-1d for the +Gy
acceleration configuration and Tables A-2a through A-2d for the -Gx
acceleratior configuration. These figures designate the manufacturer,’
type, serial number, sensitivity and other pertinent data on each
transducer used. Table A-3 lists the manufacturer's typical transducer
specifications. :

Accelerometers and load transducers. were chosen to provide the optimum
resolution over the expected test load range. Full scale data ranges
were chosen to provide the expected full scale range plus 50% to assure
~ the capture of peak signals. All transducer bridges were balanced for
zero output prior to the start of each test. . The accelerometers were
adjusted for the effect of gravity using computer processing software.
The component of a 1 G vector in line with the force of gravity that lies

along the accelerometer axis was added to each accelerometer. ‘

The accelerometer and load transducer coordinate systems are shown in
Figure A-6. The seat coordinate system is right-handed with the z axis
parallel to the seat back and positive in the direction of the subject's
head. The x axis is perpendicular to the z axis and positive eyes
forward from the subject. The y zxis is perpendicular to the x and 2z
axes. according to the right hand rule. The origin of the seat coordinate
system is designated as the seat reference point (SRP), The SRP is at
the midpoint of the line segment formed by the intersection of the seat
pan and seat back. All vector components (for accelerations, angular
accelerations, forces, moments, etc.) are positive when the vector
component (x, y and z) is in the direction of the positive axis.

The linear accelerometers were wired to provide a positive output voltége
. when the acceleration experienced by the accelerometer is applied in the
'+x, +y and +z directions, as shown in Figure A-6. '

The angular Ry accelerometers were wired to provice a positive output
voltage when the angular acceleration experienced by the angular
accelerometer is in the +y direction according to the right hand rule, as
shown in .Figure A-6.

. The load ~211s and strain gage§ were wired to provide a positive output
;voltage wrun the force exerted by the load cell on the subject is applted
in the +x, +y or +z directions, as shown in Figure A-6,

The Mx torqbe transducer was'wiked to provide a positive output voltage -
when the torque experienced by the transducer is applied in the +x
direction according to the right hand rule as shown in Figure A-6,

Sled velocity was measured using Globe Industries tachometer Model -
22A672-2. The rotor of the tachometer was attached to an aluminum wheel
with a rubber 0-ring around its circumference to assure good rail
contact. The wheel contacted the track rail and rotated as the sled
moved, producing an output voltage proportional to the velocity.
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6.1 Accelerometers
This section describes the accelerometer instrumentation as required in
the AAMRL/BBP test plan.

The external chest accelerometer package consisted of three Endevco Model
7264-200 linear accelerometers, mounted to a 1/2 x 1/2 x 1/2 inch
aluminum block, for accelerations in the x, y and z directions. An
Endevco Model 7302A angular (Ry) accelerometer was mounted on a bracket
adjacent to the triaxial chest block.. The accelerometer packages were
inserted into a steel protection shield to which a length of Velcro
fastener strap was attached. The package was placed over the subject's
sternum at the level of the xyphoid and was held there by fastening the
Velcro strap around the subject's chest. Figure A-7 1llustrates the
chest accelerometer package,

The Horizontal Accelerator ram acceleration was measured using an Endevco
Model 2262A-200 accelerometer. The accelerometer was mounted near the
front surface of the ram, off the sled, and used as a backup to the
primary sled mounted accelerometer.

Sled accelerations were measured using three Endevco accelerometers: one
Model 2262A-200 for accelerations in the x direction {accelerations in
the y direction for the +Gy configuration), one Model 2264-200 for
accelerations in the y direction (accelerations in the x direction for
the +Gy configuration) and one Model 2264-200 for accelerations in the z
direction. Two separate aluminum blocks were used to mount the three
accelerometers, sled x on one block (sled y for the +Gy configuration)
and sled y (sled x for the +Gy configuration) and z on the other block.
Both blocks and their respective accelerometers were mounted on the
underside center of the sled,

Seat back accelerations were measured using three Endevco Model 2264-200
linear accelerometers for accelerations in the x, y and z directfons.
'The three linear accelerometers were attached toa l x 1 x 3/4 1nch
acrylic block and were mounted behind the seat back.

For Large and Small ADAM manikin +Gy configuration tests, head y and 2
acceleration, chest y acceleration, and Lumbar y acceleration were each
measured using Entran EGA-125F-1000 1inear accelerometers. For Large and
Small ADAM manikin -Gx configuration tests, head x and z acceleration,
chest x acceleration, and lumbar x acceleration were each measured using
Entran EGA-125F-100D linear accelerometers. These accelerometers were
internally mounted in the manikins.

6.2 Load Transducers

This section describes the load transducer 1nstrumentation as required in
the AAMRL/BBP test plan.

The load transducer locations and dimensions are shown in Figures A-8 and
,A-9 for the -Gx configuration iand the +Gy configuration respectively.
- Al dimensions are referenced to the Seat Reference Point (SRP). The
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Seat Reference Point is located at the intersection of the seat pan
center line (x axis) and the seat back (z axis) center line.

Shoulder/anchor forces were measured using two GM-30D-SW, one GM/DYN 3D-SW
and three AAMRL/DYN 3D-SW triaxial load cells, each capable of measuring

forces in the x, y and 2 d1rect10ns. The parameters measured are
indicated below: '

Left shoulder x, y and z force
Right shoulder x, y and z force

X-Band-90 and X-Band-45 harnesses:

_Left horizontal x, y and z anchor force
Right horizontal x, y and z anchor force
Left verticai x, y and z anchor force
Right vertical x, y and z .anchor force

Shoulder roller y and z forces and the shoulder roller torque (Mx) were
measured using a strain gaged T-Bar (shoulder harness roller bracket).

- This specially instrumented T-Bar was fabricated by DynCorp using Micro
Measurement Model EA-06-1258Z-350 strain gages.

The left and right shoulder anchor load cells are illustrated by Figure
A-10. Also shown is the T-Bar (shoulder harness roller bracket) and the
roller assembly. The strain gages instrumented on the T-Bar can be seen
in Figure A-11,

The left horizontal and vertical anchor load cells are illustrated by
Figure A-12 while Figure A-13 shows the right horizontal and vertical
anchor load cells. Both Figures A-12 and A-13 represent the +Gy test
configuration and the X-Band-45 harness attachments.

Figure A-14 shows the right hor1zontal and vertical anchor load cells for
the -Gx test configuration and the X-Band-90 harness attachments.

For Large and Small ADAM manikin +Gy configuration tests, head/neck y and
z forces and Mx torque were measured using a Denton Model 1716 load cell
while Lumbar y force was measured using a Denton Mode)l 1914 load cell.

* For Large and Small ADAM manikin’ -Gx configu'ation tests, head/neck x and -
z.forces and My torque were measured using a Denton Model 1716 load cell
while lumbar x force was measured using a Denton Model 1914 load cell
These load cells were internally mounted in the manikins.

6.3 Calibration '

Calibrations were performed before and after testing to confirm the
accuracy and functional characteristics of the transducers. Pre-program
and post-program calibrations are given in Tables A-4a through A-4g,

The calibration of the accelerometers was performed by OynCorp using the

comparison method (Ensor, 1970). A laboratory standard accelerometer,
calibrated on a yearly basis by Endevco with standards traceable to the
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National Bureau of Standards, and a test accelerometer were mounted on a
shaker table. The frequency response and phase shift of the test:
accelerometer were determined by driving the shaker table with a random
noise generator and analyzing the outputs of the accelerometers with a
PDP 11/15 computer and 1923 Time Data Unit using Fourier analysis. The
natural frequency and the damping factor of the test accelerometer were
determined, recorded and compared to previous calibration data for that
test accelercieter, Sensitivities were calculated at 40 G and 100 Hertz.
The sensitivity of the test accelerometer was determined by comparing its
output to the output of the standard accelerometer.

The angular accelerometers were calibrated by OynCorp by comparing their
output to the output of a linear standard accelerometer. The angular
accelerometer is mounted parallel to the axis of rotation of a Honeywell
tow inertia D, C. motor. The standard accelerometer is mounted
perpendicular to the axis of rotation at a radius of one inch to measure
the tangential acceleration. The D. C. motor motion is driven at a
constant sinusoidal angular acceleration of 100 Hertz and the sensitivity
is calculated by comparing the rms output voltages of the angular and
linear accelerometers.,

The load cells and strain gages were calibrated by DynCorp. These
transducers were calibrated to a laboratory standard load cell in a
special test fixture. The sensitivity and linearity of each test load
cell were obtained by comparing the output of the test load cell to the
output of the laboratory standard under identical loading conditions.
The laboratory standard load cell, in turn, is calibrated by PMEL on a
periodic basis,

The velocity wheel is calibrated periodically by DynCorp by rotating the
wheel at approximately 2000, 4000, and 6000 revolutions per minute (RPM)
and recording both the output voltage and the RPM. , ,

7. DATA ACQUISITION:

Data acquisition was controlled by a comparator on the Master
Instrumentation Control Unit in the Instrumentation Station. The test
was initiated when the comparator countdown clock reached zero. The
comparator was set to start data collection at a preselected time.

A reference mark pulse was generated to mark the ADACS electronic data at
a preselected time after test initiation to place the reference mark
close to the impact. At the same time, the referénce mark pulse
triggered a strobe 1ight to mark the test photogrammetric data, The
reference mark time was used as the start time for data processing of the

electronic and photogrammetric data.

Prior to each test and prior to placing the subject in the seat, data
were recorded to establish a zero reference for all data transducers.
These data were stored separately from the test data and were used in the
processing of data, . :
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7.1 Automatic Data Acquisition and Control System (ADACS)
Installation of the ADACS instrumentation for the +Gy and -Gx test
configurations are shown in Figures A-15 and A-16 respectively. The
three major components of the ADACS system are the power conditioner,
signal conditioners and the encoder. A block diagram of the ADACS is
shown in Figure A-17. The signal conditioners contain forty-eight
ampliflers with programmable gain and filtering.

Bridge exc1tation for load cells and accelerometers was 10 VDC. Bridge
completion and balance resistors were added as required to each module
input connector.

.~ The forty-eight module output data signals were digitized and encoded
into forty-eight 11-bit digital words. Two additional 1l-bit

. synchronization (sync) words were added to the data frame making a fifty
word capability.

~ Trree synchronization pulse trains (bit sync, word sync and frame sync)
were added to the data frame and sent to the computer via a junction box
data. cable.

The PDP 11734 minicomputer received serial data from the ADACS. The
serial data coming from the sled are converted to parallel data in the
data formatter. The data formatter inputs data by direct memory access
(DMA) into the computer memory via a buffered data channel where data are
temporarily stored on disk. Data are later transferred to the VAX 117750
and cutput to magnetic‘tape for permanent storage.

The interrelationships among the data acquisition and storage equipment